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From the De partment ol Microbiolog, I 
tl (1950) were the first 
authors to study the protective effect 


Jac obson et 


on hemolysin production of lead-shield 
ing the surgi ally exteriorized spleen ol 
the rabbit receiviny severe X radiation 
to the rest of the body 


1952) 


Later, J ac obson 


and Robson the 
to form hemolysins in rabbits 


X 


with the spleen similarly shielded was 


reported that 
capacity 
receiving 800 r or 500 r radiation 
retained when the shielded spleen was 
removed 24 hours after irradiation and 
the sheep red cell antigen was injected 


48 hours alte 


after splenectomy. They suggested that 


irradiation and 24 hours 


the protective effect was the result of 
the functional restoration of cells in the 
body following the liberation of some 
humoral substance into the circulation 


bi 


tween irradiation and splenectomy. 


the spleen during the 24 hours be 
In 
both papers by Jacobson and his asso 
ciates, a single intravenous injection of 
sheep red cells was given to each ani 
Wissler et al (1953) 


mal. found 
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marked protective effect on hemolysin 
production in the rat by lead-shielding 
the spleen while the rest of the body 
received 500 r. This protection was ob 
tained whether the sheep red cells were 
given intraperitoneall or 


iitrave 


nousl\ ‘an hese papers W ill be considered 
in more detail in the Discussion 

Che present investigation was carried 
the 


(1) to repeat the work of Jacob 


out with following objectives in 


mind 


son and his associates, using the more 


sensitive and quantitative technique ol 


titrating hemolysin in 50% hemolyti 


units and our methods of obtaining 


antibody curves for each animal, which 
the 
character of the immune response, and 


permit various determinations of 
(2) to compare the effects of lead-shield 
ing the spleen while irr idiating the rest 
of the body the lead 


shielding the body while irradiating the 


with reverse ol 


spleen. As regards the first objective 
our conclusions differ in certain respects 
from those of the previous authors, As 
regards the second objective, the most 
important result is that large doses of 
X rays, administered locally to the ex 
teriorized spleen, stimulate the produc 
tion of above normal amounts of hemo 
lysin at slightly increased rates within 
normal periods of time. 

In the present study, the following 
characteristics of rabbit antisheep hemo 
lyti be 


A single intravenous injection of 


antibodies should kept in 
mind 
whole sheep red cells, as used in this 
the ol 


(Isophile antibod, 


study, results in formation 


Forssman antibody 
only develops later after repeated in 


jections.) The Forssman antibody ¢ 


an 


be absorbed on sheep red cells and is 


109 





110 WitttaM TH. TALIAPERRO 
composed of two fractions of related, if 
identical, Che 
hight. molecular 
weight of about 900,000 and a biologic al 
half life of 2.8 days 
slightly if all 
smaller inolecular 
logical half life of 


lalmage, 1956 


not specificity first is 


hemolytic, has a 


Lhe second is only 


at hemolytic, has a much 


weight and a bio- 


5.6 days (Taliaferro 


incl Our titration tech 


iique measures almost exclusively the 


large molecular hemolytic component 


MATERIALS AND METHODS 


Rabbi The 


fected with Eimeria stiedae and Eimeria perforans 


rabbits used at first were in 


ind frequently suffered from infec 
tio I he oT 
Most of 


pirator 


respiratory 
are designated as Sharp rabbits 
of re 
as well as Phey 
Mr. Harold Swift's farm at 
females 


Males 
‘ 


proportion aiG 


the rabbits, however, were free 


infections Eimeria. 
vere obtained from 


| ike ide, Michigan 


wed in about 


and were 


equal venerally 


weighed between 2 and 2.5 kg at the beginning of 
in experiment 


varied 


x ray 


ot 


Radiation 
t ible 1 | he 


two machines but because 


constants are given in 


only because we used 


the surgically prepared 


inimals could be immobilized successfully 


for 


last 


not 
1 period much longer than half an hour (cf 


table | 


teriorized spleen with 10,000 r, it was necessary 


column in In irradiating the ex 
obtain part of the high dosage by halving the 

To 
from 10,000 r with those of 
smaller doses, 
S000 1 


ypper filter used for most of the lower doses 


tegrate the result 


most of the a second experimental 


eries with was irradiated with the same 


"7 


TaABLe 1 


Filter 


‘hr 
700 f 
700 r 
500 1 
SOO fr 
OOO r 
5. Ooo r 
OOO Fr 
oor 
/ OOO fr 
sO rr 
, 400 
400 ¢ 
,000 
S00 r 


Argonne 
Argonne 
USAF 
Argonne 
Argonne 
Argonne 
Argonne 
* The t 
vertically 


nited States Air Force 1 
both operated at 250 kilovolts, 


achine delivered the 
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beam horizontally 
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filters employed for 10,000 r. There was no sig 
nificant difference noted between the two series 
(A10 and All). Of the 3 groups irradiated with 
different factors, and given 1400 r, Bartlett's test 
for homogeneity of variance indicated that the 
differences between the mean log peak titers could 
be a sampling variation (P =0.3), but also indi- 
that the rates of antibody 
significantly (P <0.001) 

Lead shields 


first was kindly lent us by Dr. Jacobson and is de 


cated rise varied 


The lead splee n shield used at 
scribed in detail by Jacobson et al (1950). Later, 
a shield* was used which served for the appendix 
as well as the spleen (fig. 1). It was made square 
in cross section so that it did not move easily and 
the edges of the baffle through which the blood 
Both of these 
Phe 


hielding was 


vessels passed were well rounded 
features protected the blood vessel open 
end necessary for use in appendix 
hielding 
body 


pleen con- 


supplied with a lead stopper for spleen 
The lead shield* the 


irradiating the surgically exposed 


to protect while 


isted of 2 curved lead half shields which when 


fastened together with 2 springs contained a 
small central depression designed to hold the 


2). 


spleen (fig. 
tective baffle 


thick, measured 7.5 cm wide and curved over a 
diameter of 10.5 cm to fit the body of the rabbit 


This shield also contained a pro 
[he combined half shields, 0.6 cm 


Che depression was 2 cm in diameter and 1.5 cm 
deep 
Surgical techniques in connection with irradia 


tion.—Throughout this paper, series A designates 


* We indebted to Mr. Charles E. Soder 
quist of the Research Institutes of the University 
hields and to Mr 
stitutes for making 


of Chicago for designing these 
John Hanacek of the same In 
them 


ray dosimetry 


l arget 
distance 
from 


Hall layer 
value of 
filtered 
beam 

mm copper) 


mm 


Minutes 


center 


Al 


xposure 


rabbit ' 
cm 


50 
a4 
125 
125 
125 
37 
50 
38 
56.2 
65 
25 
B4 
75 
&5 
79 


and the Argonn 
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La rabbits whose spleen alone w as either X-rayed or 
ae a ee shielded from X rays, whereas the control B and 
C series refer to rabbits shielded from Xrays or 


X-rayed in toto, respectively. Other control 





series, D and E, involve splenectomy with or 


vithout irradiation. 








Except for one series of rough spleen shielded 


rabbits (AS) and its accompanying controls (B5 





and C5), all rabbits were spleen-shielded with 





operative techniques 2 days before the injection 
of sheep red cells. The rough spleen shield tech 


que consisted of placing 1 623 cm curved 





piece ol lead, 0.6 em thick, over the body of the 


rabbit in the region of the spleen The trol 





were simply injected with red cells with (C5) on 
without (B5) total body irradiation 


The operative pleer hielding tech mue 





volved starving the rab 0 4 hour before 


hand, opening the 1 ivils under 





nembutal and ether t} ( i portable 


animal board, tieing off th ill ve drat 


the distal end of the ple i, Clamping the oar 
shield (fig. 1) over the spleen wrapped in wet gauge, 
covering the operative ite with wet ga f ania 
then turning the animal over so that the shield 


4 


would rest on the board during X-ray treatment 
I he blood ve el at the di tal « d of the ples 
vas tied off to straighten the spleen out and allow 


t to fit in the lead shield better. Th portion of 


l Variou ispect of the combinatio 


pleen-appendix lead shield. x! the spleen was cong 





Co 
il 
‘ 


! 
\ 


i 
Nit 
“Ad 


\ 
| 

Fic. 2 \ t t lead shield which was used te hield ft 
to X ra After th veld ipplied, 2 semicylindrical lead shield 
the body of the rabl 
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the end of the irradiation period. Before closing 
the incision, 3 or 4 ml of antibioti 
poured into the body cavity 


saline were 
Ether was only used 
just before opening the body cavity. Otherwise, 
vembutal in an intravenous dose of about 30 mg 
per kg ordinarily kept the animal immobilized 
during the operation and the X-ray procedure 
\ntibiotic saline solution (0.85% NaCl) was used 
throughout the operative techniques and con 
tained 1600 units of penicillin and 4 mg of strep 
tonvycin per ml. 

iwo ts pes ol controls act ompanied car h series 
hielded rabbits. The 
treated as follows 2 days before the 


injection of red cells 


of spleen nonirradiated 
type was 


After the body cavity wa 


\ yas | 


Fig. 3 


fwures) on the Klett-Summerson colorimeter dial. The regular scale was used for standardizing all red 


cell suspensions, whereas the added scale was only used for titrating serums 


ss | 


’ 165, 
35 ch 4 I75 
Vig V40_ 190 160 170 7 


Che regular scale (solid lines and figures) and the [log y/(1 
K K 
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opened, the distal vein of the spleen was tied off, 
and a wet gauze was tied tightly around the 
blood vessels at the base of the spleen to simulate 
the traumatic effect of the spleen shield. Then a 
lead shield, 0.6 cm thick and cut transversely 
and at an angle to the surface to prevent leakage 
of X rays, was placed over the entire body to 
shield from a dose of X rays comparable to that 
given to its spleen-shielded partner. The irradi 
ated type involved total body X irradiation, at 
which time the body cavity was opened, etc., as 
in the preceding control 

Irradiation of the spleen alone in series A9 
through 17 was carried out with the operative 


technique just described in « junction with 


MHA 
It ] / 
80 jg/i9s / 
Lp “9 
9/9 
Oo; 
Oy 


SOY 4g 
home 


y | +1 scale (dotted line und 


see text and table 
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lead half shields (fig. 2) to hold the spleen swathed | 50% hemolytic units, defined as the amount 


of serum which hemolyzes 50% of a photometri 
of red cells in the 


in several thicknesses of wet gauze. The rest of the 


rabbit was then covered with the 2-part lead cally standardized suspensiot 
SoZ 


hield described above. The aperture emitting the { snce of an excess of complement (= four Ay 


X rays was Pp ill shuttered to localize the inits of comy lement 


X rays falling on the exposed spleen. The control ion of red cells consisted of 2 ml of the suspension 


B9—-17) involved shielding the whole bod, tandardized as described in the preceding section 


> 


The standardized SuUS[x 


eries 
of the rabbit from a dose of X rays comparable it lls were washed and suspended in 
to that given to the spleen-X-rayed rabbits dur veronal buffered saline VB) containing cal 
ing which the body cavity was opened, etc., a cium and magnesium ior Maver et al, 1946 and 
rhree to 6 spleen irradiated 1947 [he titration methods ha‘ been described 


previously described 
1950 but a tew changes shouk 


rabbits were accompa ied by ? nonirradiated n detail by u 


control For irt idiated co itrol 5 those in S¢ l be mentioned 
C of experiment | were cor idered idequate Serums collected during one week were rou 
ns of washed y tested the following week and were re 


Immunization The suspensio 
f necessar' i week later \ 1:100 dilu 


sheep red cells for injection were photometricall; 
standardized on the basis of hemoglobin liberated on of each antiserum mil um+9.9 mil 


by distilled water. One ml of such a suspension VB in test tube Wa i | can be kept in 
plus 4 mil of distilled water read 150 on the regular the refrigerator a week or n e without ar ai 
cale (fig. 3) of the Klett-Summerson colorimeter cernible lo in ter 100 dilution wa 


KS) with a 54 filter (500 to 700 my) and i made, howe, ifa rete 
equivalent to 1 ml of a 1% suspension or 1.6 10° The ti h serum 
red cell The amount injected, i« 1.25 ml of tube 
the standardized suspension per kilogram rabbi 

designated for convenience as 210° red cells 
or 1.25 ml of a 1% suspension. The cells were 


kept in the refrigerator in Alsever'’s fluid until 


t before tandardizatior ind 3 jection 1 he 


were washed in an exce of 0.85% NaCl solution 0.2? and 0.04 ml of the 
! titration \ll serums were titrated to which are added, 


ere ICE bhi 


? Log y/(1 y +1 walues of the 3-tube ug est mid point log value and 


TABLI 


ipel 


dilution needed to set up the 5-tube fine test ling in 50% units 


“ 
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respectively, 0, 0.8 and 0.94 ml of VB. The VB 
used to equalize the serum amounts to 1 ml here 
and in the fine tests was modified by adding 1 
part of pooled normal rabbit serums of low titer 
(<10 units per ml) to 200 parts of VB. This 
addition was found necessary because the VB and 
serum were routinely added to the tubes the day 
before the tests were actually completed and the 
ensuing high dilution often attained caused an 
overnight loss in titer when regular VB was used. 

The results of each rough test were used to plan 
a 5-tube fine test in the manner shown in table 2 
As may be seen in the next to the last column, 
with 
1:100 dilution 
which was made for the rough test. These 


almost any 5-tube fine test can be mace 


either undiluted serum or the 
two 
dilutions were always used, therefore, in prefer 
The only tests that cannot be 


ence to any others 


made with one of these two dilutions are those 
fine tests extending just under and over a log 
value of 2, because the serum can not occupy 
more than a volume of 1 ml, or extending over a 
log value of 4 because accurate pipetting of such 
In the 
in the 
1:1000 dilution is necessary. A 


a typical 


small amounts can not be done rapidly 
first case, a 1:10 dilution has to be made 
econd case, a 
protocol of S-tube test is shown in 
table 3. 

The 5-tube test shown in table 3 is the same 
one that is used for the weekly complement titra 
tion except that varying amounts of a 1:100 dilu 
tion of complement and 4 50% units of hemolysin 
are used. Then, if the 50% unit after graphing 
gives a log value of 2.3, viz., an arithmetic value 
of 200 50% 


diluted 1:100 for testing the antiserums, since 2 


units per ml, the complement i 

mil of such a dilution contains four 50% units 
In computing the von Krogh (1916) equations 

for each test, we earlier used a table for the cor 


version of the Klett-Summerson readings to log 
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y/(1 —y) values where y is the degree of hemolysis 
Considerable time has 
adding 1 


' 
© that no minus values 


expressed as a traction 
been saved by two simple expedient 1 
to the log y/(1 — y) values 
occur (cf line 5 and line 6 in table 3) and (2) super 
imposing a scale of the [log y/(1 —y)|}+1 values 
Klett-Summerson which 


on the regular 


can be read directly. 


} 


rhe scale of [log y/(1—y)|+1 is shown with- 


follows: At 
y=50 or the 50% point (150 on the regular KS 
y ] +1 scale is 1.00a 


out decimals in figure 3 and is read as 
scale), the [log y/(1 hown 
and zero in the 
40 on the regular KS 
it is 1.60 as shown by 
figures and zero in the bottom row. At y= 20 (60 
on the KS scale), the [log y/(1—y)]+1 0.6 
+ 1.0 =0.4 shown by 


below 


by 10 in the top dotted higure 
bottom row At y= SO 


scale), 16 in the top dotted 


4 on the top cale and zero 


lo control daily and long-term variatio 


the titrations, two 5-tube fine tests of a hemolysin 
of known strength were set up, one at the be 

ginning and the other at the end of the tests on 
each titration day. For example, a 1:100 dilution 
of a stock antiserum was made and titrated at 
the beginning and end of the rough and fine test 

for each of 41 consecutive weeks. The resultant 


164 titrations gave a mean log value of 
3.7043 +0.0036. Sixty 


deviated from this mean by less than 0.7% (log 


percent of the titratio 


of titer between 3.675 and 3.725) and the greatest 


3.575 or at 3.825) wa 
3 1% in 2.5% or 4 of the titrations. The devia 


tions found in this specific serum were random 


deviation (log of titer at 


and they did not appreciably affect the semi 
logarithmic graphs of individual rabbits as the 
were equalized when theoretical line fitted 


were 
to the graphs. The two sheep from which the red 
hable result 


Veasures of antibody production have 


cells were obtained gave indistingui 


rasie 3 1 5-tube fine test to obtain 50% hemolytic units for a serum 


the 3-Lube rough test read 1.5 to 1.6 


W assermann tube 

VB (in mil) 

1. Log of dilution of 
2. Mi of x (1:100 dilu 
Standardized red ce 


Mix and let d for 10 minutes o 
Standardized complement (ml 
Mix. Ineubate at 37 ¢ 


Pour supernatant from each tube into a « 
iver n of line 4 to eq 


for } hour, Centrifuge at 1500 rp 
uvette 


3. KS readings (regular ecale 222 
4. Percent hemolysin (one third of KS) - 74 
5. Log ¥/(1 —y) $0.45 
6. [Log ¥(1 —v)! +1 (added scale on KS)* 1.45 


venience without decimals in figure 3 


adde d cale 


valent values are shown in lines 


w the equivalence of the regular and added scale on the KS dial, see text 


on the KS 


2.0 


w 6 to 8 minutes 


Obtain KS readings for the 5 tubes. Thes 


4.5 and 6 


186 150 

62 50 
+0 .18 0 

1.18 0.98 


The figures, given here 





X-RAY 


i earlier that rise and fall of hemolysir 


losely follow a discon 


t of which i 


Ag** 


ind A represent antibody titer it 


time 0 and a parti From such a curve 


for the hemolysin titers from each rabbit, the 


following measurements have been made which 


best characterize hemolysin 


formation as ce 
cribed b rli 52 and 1954a 1) log 

I t px ik titer 4) the 
Le the interval after 


f red cells to the bewinning of the rise 
tibod +) the length in days of anti 


I erun 1 


body rise to peak titer 


which begins at the end 
of the induction period, (5) the rate (&,) of anti 
body change du ig the first and most rapid rise 
of antibody in the 
derived k 


of the i 


erum and (6) the average rate 


for the entire initial rise from the end 
duction period to the time of peak titer 
i the rise consists of more than | phase I he 
idjusted if the preimmunization 
by drawing a line 

1 per od from 10 units 

w to the titer at the end of the first 

s the preimmunization titer. The ad 
ippreciably different from the 
| which 


i those relatively few case 
titer was 100 units o 
of 0.4 would change 


the titer rose from 100 units to 


to 0.9 alter 


ind would change from 0.95 to 
we to 5000 units. Fifty per 

i preinmmunization titer 

a/ A had a titer of 100 to 
were intermediate 
antibod, change 


m the u ial equatio 


where f the tin \ ) the ta ent 


. 


of the a 1 ibt » ve of the rise 
} 1y 


be determined 

measured with a 

The f k, is then obtained b 
the g ilue read from 
his correct i 
use semilogarith 
of titer on the 
ordinate axis | f 1 day 


is shown in f res i, 


tangent ¢ 


y on the abscissa axi 
5 and 6. Therefore, the 
f the angle read by the protractor is mul 
tiplied by 0.1 to accommodate for the difference 


in the ordinate and abscissa units and by 2.3 to 
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convert log jo to ln 


79 
‘ 


For CXadllipic, in angle reading 
5° with a tangent of 3.17 ves a k, value of 
0.73 


EXPERIMENTAI 


[he experiments reported in this 


paper have been in progress for several 
years. During this time, the antigen, 
time and method of injection, titration 
procedures, graphing, etc., have re 
standardized 
cells, 


a 1% 


sion, was injected once into a left ear 


mained unchanged. The 


amount of sheep red which is 


equivalent to 1.25 ml ol suspen 


vein of each rabbit per kg weight of 
rabbit 2 days alter irradiation, shielding 
from X rays, or the 


various control 


surgical procedures. In comparing the 
antibody results in the various series of 
animals, we have used mean peak 
is the 


amount ol 


titer 
indicator of the 
the 4 


prey iously 


best single 
formed and 


listed 


antibody 


other measures, , as 
measures of the rate of the immune proce 
ess. In the case ol peak titers, we have 
used the arithmetic means to compare 
the various series and log titer means for 
all statistical constants because the 
distribution 
laliaferro, 1954a). kor 


measures, the 


vive a more normal 


W. H. and L.G 


the other 


(see 


arithmetic 
values are valid for both purposes 
Daily titers for 28 days 


were averaged from the 


arithmetic 
smoothed fitted 
individual 


semilogarithmic plots of all 


rabbits in a given series to obtain the 


mean hemolysin titers plotted emi 
4 through 6. 
titers of the 


fell on the 


logarithmically in figures 


Because peak individual 
rabbits rarely ime day it 
iny particular series, the average arith 


titer 


metic peak obtained for a given 


series is always lower in the figures than 
the mean arithmetic peak titer in tables 
4, 5 and 6. Similar 


other measures occur between the aver 


ditferences in the 


age values in the figures and the mean 
values in the tables. For example, the 


mean induction period in series A6 was 
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8.74 5 


1.3 days in table 
Sth day 


7 
the 


, but ended on 


in figure 5. This seeming 


discrepancy is accounted for by the fact 
that the induction period was 5 days in 
2 rabbits but was 10.8, 11 and 14 days 
in 3 others 

1. Irradiation of the total body except 
hielded 


intravenous 


for the lead pleen 2 days before 


the injection of red cells. 


Irradiation of the total body except for 
the spleen with controls was carried out 


conditions shown 


table A, | and ¢ 
lhe in series 1 


from Sharp whereas those 1 


under seve! 


4, 


rabbits 


as ili 


2 


ScrTrics ? 


1 through 5 


were obtained 
) 


series 

Swit 
Series 2 and 3 were done 3 years apart. 
4 


section involving splenectomy received 


through 5 were obtained from 


Series which Z 


is graphed in the next 
500 rand the remaining series received 
700 r. The rough shielding in series A5 
was done by 


lead 


pro edures 


placing 2-inch half cylin 
ders ol 
al 
} 


the rabbit, whereas 
the 
The 


ove! 


surgi were used in 


othe series and their controls 


Hemoly 


| 2 day 


ge 4 in formation® in (A) 5 ser 


hefore 


one intravenous injection ¢ 


nonirradiated controls and (( 


Rate (k 


I 
most 
rate 


ret a 


ra 


hielded 
74% 
18+ 
37+ 
$84 
06 


500 6 Op 
oo le 


or 
OP 
OP 
OP 
Kk 


700 r OP 
700 fr OP 
700 +r OP 
$00 fr OP 
700 r RB 


06 4 
KA + 
M4 

1 O48 
S44 


0.42 
0.14 
0 11 
0.19 
0.04 


0.0 
0.0) 
0.11 


1 0.03 


Al. Bt and C1 s 
{ the 
ndir 
n each 
indi 


All valu 

Data fr 
of rabbit 
a rest 


sponding « 


p 
reapone 


bta 


sbbits: All 
means 
ned v 
rabbits which elicite 
The significance of the 
sted by the following probabil 
<0.001 P 


har other 
t standard er 


om fitted curs 


ee hemoly are 


" idual rabbits were es 


erie other val 
sted by 
ff series are indi 


P 


e ls parentheses 


Between series A and B 
Bet wee: \ and ( 
t Op, operative technique 


series 


x y 
R, rough shielding 


s of rabbit 


") total I 


X rays t 


were Swilt 


0.002 
y 


PAu 


Lucy GRAVES 


X-ray the 


series 2 and 5 but varied for the other 


constants were same tor 
series (table 1). 
Before 


spleen-shielding, 


the effects of 


the two characteristic 


considering 


responses elicited in the nonirradiated 
be briefly 
These differed radically from 


and irradiated controls will 
described. 
each other as reported by us previously 
1950 and 1954a 


seen in table 4, the 5 nonirradiated 


see especiall 
he 
series, alter 
4.7 
2610 


\s may 


induction period (3 


a short | 


days), reached 
4740 
rapid rates of rise 
4.2 to 5.2 days, 


series had a much longer induction pe- 


to a peak titer ol 


to units at 


1.01 


whereas the 5 irradiated 


comparatively 


to 1.62) during 


riod (7.9 to 19.1 days), a markedly de 
pressed peak titer (40 to 420 units), 
0.18 


rise 


reached at much lower rates (k, 
to 0.57) during a longer antibody 
to peak titer (9.2 to 12 days) 


Lhe the 


Cul h 


means for 5 series within 


control group remarkably 


the 


were 


similar. Thus, reatest difference 


Co 


} 
Q ! 


who € 
f 1.25 ml of 19, 


ody 


spleens were shielded from X 
sheep red cells alo ith 


irradiated controls 


ne 


) of accumulatior 


nd 
pid 


Average rate 
to peak 
titer 


»> rest of body 
0.67 17 
0.18+ .06X% 
0.47 + .O7Y 
0.54+4 OSXx 
0.97% 14x 


16Z 
06% 
o7X 
0OX 
162x 


ntrol 
0.424 
0.184 
0.29 
0.20 
0.22 


rabbit 

kach mean peak titer was calculated fre I 
d anjantibody response. The n of rabbits 
differences between a spleen-shielded series 
ties 


to 0.01 


imber 


0.05 


P=0.02 t 
Zz 


“ 
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log peak titer occurred between 12 and 
B5 (0.25+0.22) in the 5 nonirradiated 
groups and between Cl and C2 
+0).29) in 


0.2? 
l here 
dil 
the 
highest and lowest mean log peak titers 
the other 4 table 4 
hese were for the &, first phase rate be 
tween C1 and (¢ 


the 5 irradiated groups 


were only 3 statistically significant 


ferences in series B or C between 


| 
ind 


measures in 


5 (0.35 +0.125) and for 
the induction period between B2 and 
B4 (1.7 


and C5 


+ 0).57 days 
11.2 +4.75 
28 days 
ol 


groups and of the irradiated groups are 


and between C1 
The 


ol 


davs simi 


between 4 the 5 


the 


larity for 


control series nonirradiated 


well illustrated in the graphs of figure 4 


These results strongly indicate that the 


rabbits from the two sources possessed 


ibout the same antibody-forming « 


pac ity. 
A comparison of the mean arithmetic 


peak titers of the spleen shielded series 


h id figure 
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with 


(Al AS5) the totally 
shielded controls (C1 through C5) indi- 


through 


cates marked differences in the effective 
Figures 4A and 
B illustrate the extent of the protection 


ness ol sple n-shielding 


ifforded by spleen-shielding in 4 of the 
5 series as compared to the nonirradi 
ated and irradiated controls. A suitable 
criterion of this effect can be obtained 


by subtracting the arithmetic mean of 


each irradiated series from each cor 


responding nonirradiated and shielded 
series. Using this measure, the protec- 
tion was 29% for Sharp rabbits spleen 
shielded from (Al) but nil 
(A2) or 1.2% (A3) for the Swilt rabbits 


The highest protection (52%) 


700 ¢ was 
was ob 
tained with Swift rabbits spleen-shielded 
from 500 r (A4). The average protection 
for these 4 series was 28%. It is interest 
that the 


A5 afforded a protection of 30% which 


Ing rough shielding in series 


was within the range of the surgically 
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shielded groups. Rough shielding, how- 
ever, gave equivocal results because, on 
shielded bone 


the one hand, it some 


marrow and a part of the mesenteric 
lymph nodes while, on the other hand, 
it permitted a substantial percentage of 
the X-ray dose to reach the spleen by 
X-ray s attering, as reported by Wang 
(1953). Series AS5 


omitted in the following analysis. 


will, therefore, be 

The mean log peak titer also showed 
the protective trend and is more suitable 
the arith- 
metic mean, as pointed out earlier. The 


for statistical analysis than 


statistical significance of the differences 


between each shielded series and its 


corresponding nonirradiated and _ ir- 
radiated series is shown in table 4. The 
mean log peak titer was consistently 
lower in group A than in group B and 
the differences in all but series 4 were 
statistically significant. Using Student’s 
method of paired comparisons for all 4 
series, the differences gave a probability 


of 0.026, Only a slight protection was 


afforded the rate of accumulation. As 


compared to group B, there was a sig 


nificantly rate of antibody ac 
the 


series and for the derived phase in 3 


lower 


cumulation for first phase in all 


series. P for the difference for the initial 
k, was 0.04 and for the derived k; was 
A and 
Student's paired 


0.03 when series 1 through 4 of 
B were compared by 
test were 
the 


those of 


Percentages also obtained 
values ol 


series Al-—4 
The initial and derived k; rates 


after subtracting 
(‘1-4 
Bi-—4 


for group A were 3.3% and 19%, re 


series 


from and 


spectively, of group B. The protection 
ifforded to the induction period and 
time of antibody rise was much greater 
(table 4). P for the 


tween the 4 series in groups A and B 


differences be- 


by Student’s paired test were 0.09 and 
0.1, respectively. 
In general, therefore, spleen-shielding 


as compared to the nonirradiated con 


TALIAFERRO AND Lucy GRAVES 


PALIAFERRO 
trols almost completely protected the 
induction period but only allowed about 
28% of the expected antibody to be 
formed at a much lower rate of rise with 
in an approximately normal length of 
time (antibody rise to peak titer) 

That the afforded by 
spleen-shielding was not marked, es 


protec tion 


pecially with respect to peak titer and 
the rates of antibody rise, is shown b 
the lack of statistically significant differ 
ences between the spleen-shielded series 
the 


number of 


and irradiated controls and the 


significant differences be 
tween them and the nonirradiated con 
trols. Thus, there were no consistent 
ditferences between groups A and C ex 
cept in series 4 which gave the highest 
percent protection (table 4). 

2 Effect of the lead-shtelded 


when left in the irradiated hody 


pleen 
Jacob 
rabbits it 
radiated with 800 r or 500 r retained the 


son et al (1952) found that 


ability to form antisheep hemolysi: 


when their lead-shielded spleens were 
left in situ for 24 hours and then re 
moved, even though antigen was in 
jee ted 24 hours after splene tomy and 
48 hours after irradiation. In repeating 


? 


these experiments, we irradiated 3 
groups of rabbits with 500 r while thei 
lead-shielded 
and 8, 


splenectomized 1, 3 and 5 days after 11 


spleens were surgically 
The three groups, \6, 7 were 
radiation and were injected with sheep 
red cells 2 days after irradiation or 1 
day before, 1 day after and 3 days after 
(table 5) 


series B6-8, 


splenectomy Operative con 


trols consisted of com 


pletely shielded or nonirradiated ani- 


mals; series (6-8, animals receiving 


500 r total body irradiation without any 
shielding and 


D6-8, 


body 


no splene tomy: seres 


animals receiving 500 r total 


irradiation with splenectomy 1 
but 


and series E6, 7 and &, non 


day after irradiation no spleen 


shielding; 
animals 


irradiated splenectomized 1 
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day before, 2 days after and 3 days after 
sheep red cells, respectivel 

series A4 in table 4 which 
time 


tested at 


receivilg 
In addition 
was ibout the same 
shows the effect of lead-shielding with- 
out splenectomy. Antibody curves based 


on the daily mean antibody titers of 


each series are shown in figure 5, 

lhe main purpose of this experiment 
was to ascertain the effect of leaving the 
spleen in the animal after it had been 
shielded during otherwise total body u 
radiation. Before considering this main 
question, certain relationships should 
be pointed out among the various con 
trols. Examination of the data in table 
5 and figure 5 indicate the following. 
The effect of splenectomy alone in de 
creasing mean log peak titer was prac 
tically 


was done 1 day before, 1 day after or 3 


the same whether the operation 


days after the injection of antigen. 
Thus, the greatest difference was 0.29 
+0.20 log units between series E6 and 
8. The average mean arithmeti 


peak 
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vn pieens 


hielded from oUU 
totally 


veclomized controls and (E) nonirra 


B) nonirradiated controls, (C 


1.25 ml of 17% per kg rabbit) were 


ontrol 
02 


rradiated gr 
red cells 
titer of series E6, 7 and 8 was 837 units 
the nonirradiated con 
series 36-8). 


ml or 27% of 
These results are in 
studies (W. H 
and L. G. Taliaferro, 1950) except that 


trols 


iccord with our earlier 


splenectomized animals receiving thi 
amount of antigen in our earlier wor] 
only reached a mean peak of 11% of the 
that 


splenectomy alone resulted in almost the 


intact controls, It is of interest 
same mean arithmetic peak titer as o« 
curred in spleen-shielded animals sub 
jected to 500 r irradiation (cf £6, 7 and 
8 in with A4 in table 4 
graphs of these 4 series in fig. 5 
effect ol 


were 


and 


table 5 
Luppressive irradiation 


splenectom, partially additive 


and 
total body ir 


Thus, as shown by series C, D 


E in table 5 and figure 5 


radiation was more effective than splen 


ectomy alone, but the two together 


gave the most marked suppression 


Lead-shielding of the exteriorized 
spleen while the rest of the body was ir 


radiated with 500 r resulted in the high 
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Semilogarithmic plots of mean hemolysin titers for 28 days following one intravenous in 
of sheep cells in series A6 through A8 which were spleen-shielded (rest of body given 500 r 
! days previously and from which the spleen was removed 1, 3 and 5 days after spleen-shielding, along 
with rabbits which were spleen-shielded (A4), not irradiated (B6-8), totally irradiated (C6-8 
totally irradiated and splenectomized 1 day later (D6-8), and nonirradiated and splenectomized 
E6 through E8) at the same time intervals as were A6, A7 and A8, respectively 
Note that leaving the shielded spleen | to 5 days in rabbits otherwise irradiated with 500 r (A6, 7 
ind 8) shortened the induction period but did not appreciably overcome the suppression of anti 


body formation due to total irradiation (C6-8) as far as peak titer and rate of rise were concerned 


est percentage protection obtained in a radiation if the spleen is shielded during 
single series, i.e., 52% in series A4. The _ irradiation, left intact in the circulation 
protection afforded by lead-shielding twenty-four hours after irradiation, and 
was practically extinguished by splenec then removed surgically even though 
tomy whether the shielded spleen was the antigen is given twenty-four hours 
illowed to remain in the body 1, 3 or after irradiation.’’ Our spleen-shielded 


5 days alter irradiation (i.e., 1 day be splenectomized rabbits, however, had a 


for or 1 and 3 days after antigen inje significantly shorter induction period 


tion). Thus, the greatest difference in log when splenectomy was delayed 3 or 5 
peak titer between series C6-8 and A6, days. Whereas the animals which re 
7 and 8 was 0.25 +0.22 log units in se- ceived total body irradiation and formed 
ries A7. Moreover, the titers in series some antibody showed a mean induction 
\6, 7 and & were remarkably alike period of 10.3 + 0.6 davs (series C6—8 in 
[he greatest difference occurred be table 5), series A6, which retained the 
tween series A6é and 7 and was 0.26 previously shielded spleen for 1 day 
+ 0.21 log units. The difference between showed an induction period of 8.7 
series A7 and 8 was 100 arithmeti +1.3 days, series A7 which retained 
units. These results are contrary to the — the spleen 3 days had an induction pe 
conclusions of Jacobson et al “that the riod of 4.9+0.6 days, and series A8 
capacity to form antibodies to an in- which retained the spleen 5 days had an 
jected antigen is retained in rabbits ex- induction period of 5.3+1.1 days. Ex- 


posed to 800 r or 500 r total body i cept for series A6 these differences were 
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highly significant. They are illustrated showed a significant difference {rom the 
in figure 5 nonirradiated controls (series B9-17 


3. Irradiation of the spleen with the In marked contrast, 5 series received 


body lead-shielded 2 days before the intra from 2000 r to 10,000 r, which is a range 


venous injection of red cell When the of 4 to 20 ED ym 


] 


for antibody suppre 
spleen alone was administered 500 r to sion whe 


n given to the whole bod 


1400 r, which is a range of approxi These serics attained higher than nor 


> 


mately 1 to 3 LEDyoo for antibody sup mal antibody curves (hg. 6) and si 
pression when given to the whole body © nificantly higher 


\ H. and L. G laliaferro, 1954a), table 6 


there was essentially a normal antibod) 


mean log peak titers 
The above normal excess in 
peak titer, when these 5 series were 
response as compared to nonirradiated compared to the controls by Student's 


rabbits. With these doses, higher titers paired test, was 0.41 log titer, with 


were reached after 1400 r than after 700 P <0.001, Administration of 10,000 r to 


r (fig. 6), but examination of series the spleen alone (A9) resulted in a mean 


A14 through 17 in table 6 indicates that peak titer of about 


not a single measure of log peak titer or series. This result 


5 times the control 


represented a true 


of the rate of the immune respons stimulation of the antibody-producing 


Fic. 6.—Semilogarithmic plots of mean hemolysin titers for 28 days after one travenous injectio 

of red cells in (A) 8 series of rabbits whose spleens were irradiated with various doses of X rays 2 day 

before, along with (B) a nonirradiated control series which is shown for comparative purposes in both 
’ i I ’ 


parts of the graph (solid line and triangles 


Note that the stimulation following the larger doses of X rays to the pleen is evident by an exce 
ol } | 


emol throughout the antibody curve. 
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echanism because the t 
(derived k; is significantlh 
(P =0.04) while the length ot 


the initial rise to peak 


ite ol accumu 


lation Ww in) 
creased 
remained un 
changed as compared to the control non 
Doses of 5000 1 
(A10 and A11) 
cqually effective. If the dosage had been 
sec be. 10,000 fr, it 


vould be expected that the spleen would 


irradiated series 


of rabbits 


to 2 


crics were 


ra sufficienth ond 


be injured and antibody production sup 


pressed, 
| CO 


ol { 


the ol 
be 


rates for all doses show 


(2000 1 10,000 1 


idering ate accumu 


lat 
1 ble 


y enhancement 


| antibody, it can seen in 


6 that the 
i! to 
than the cor 


The 


of antibody rise were significantly faster 


were consistently larger 


ré ponding control rates rates 


in the 5 spleen-irradiated series when 


they were paired with the controls done 


it the same time. Using Student's meth 


od of paired differences, the increase in 
the 


k lor 


P 
Ry 


first phase was 0.46 with 
0.001 and the increase in the derived 
was 0.34 with P = 0.006. In addi 
the induction period was slightly 
0.39 days), with P = 0.004, while 


the length of the rise to peak titer was 


ite 
tion, 


lor eT 


within the normal range (actually 0.24 


in formation l)in 9 


ser 


fore one intravenou 


cells with (B) 


le 


injection of 1.25 ml of 19% 


days shorter, with P? 


0.4 


These results indicate that antibod 


formation in the rabbits whose spleens 
were irradiated with 2000 1 
10,000 r was only delayed b: 


that 


alone to 


0.4 days 
and the enhancement was a true 
stimulation in that more antibod 
the 


length of time than in the nonirradiated 


was 


formed at a norm..| 


faster rate in 
controls. A scatter diagram of the indi 
vidual log peak titers and a dosage re 
sponse curve of mean log titer against 
th it 


the degree of stimulation increased with 


log X-ray dosage (fig. 7) indicate 


dosage and reached an 


at about 5000 1 


isymptots value 


table 1, 
stants in general were used from 500 1 
through 5000 r (11 through 17) by 
creasing the target distance, but could 
10,000 r without 
unduly shortening the target distance 


As shown in the same con 


de 
not be used to deliver 


he filtration was accordingly reduced 
10,000 r (table 1). this 
pro edure with the one used for the rest 
of the 
series of rabbits given 5000 r. As may 
by A10 with 11 in 
table 6 and in figures 6 and 7, the 2 sets 
ol ally 


for lo integrate 


series, it was tested on an extra 


be seen comparing 


constants gave statisti similar 


of rabbit whose plee n 


heep red 


along nontrradiated control 


Ka D 


First and 
most rapid 


Average 
rate to 
peak titer 


hielded 

914 19Z 
64+ .21 
80+ .19 
80+ 11% 
63+ .06 
52+ 

sit 

21+ 

10+ 


16 + 
74% 
134 
46 + 
214 
29 + 
89 4 


1 

1 

1 
ox 1 
07 1 
28 ! 
13 1 
09 1 
it 1 
15 1 


{from X rays 
6a + OF 1 


or J w oth 
10,000 ee table | 
mw © ee table I 
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peak hemol 


Dosage-response curve relating log 4 


radiated rabbit \9 through A17 


constant (see table 1 and ace 


triangle \ large symbol indicat the mean of the 


the rabbits whose spleens received 2000 to 10,000 r had higher px 


rradiated controls and that the rabbits whose splec ns received 1400 r or le had peak 


! 
the normal range 


results It is interesting that the log Dl 


" vtende > . ly 
peak titer extended over an extreme! Our results on the protective actior 


ide range in series Al0. The lowest 


on antibody format | pleen hield 


ind ohes . rs ass ‘ n fi 
and highest peak titers as shown in fig ing during severe 1 ion to the rest 
yy . “re 1000 ; 50,001 s. S 
ES ¢ Wee I a and VOY unit uch of the rabbit or of allow ne the previ 
high variabih frequent iccom ously shielded spleen to remain in the 
panies irradiation ar fle in t 
sietens irradia sales id is reflected n he rabbit for a da or more ifter the rest 
comparatively high coefficients of varia of the heady was irradiated choold 
tion of the various series as compared 
> discussed | lati l the 
to the nonirradiated controls. This tend lacobso d : vho 
en . however! was reversed i! the designed these . | method 


rabbits receiving the highest dose to the ind of Wissler al (1 $) who carried 


spleen Thus, the coefficient of variatio out the same ty i experiment th 


' 
n series A9 was only 6.6% as contrasted rats. In all our 
to 9 


current wort ' 
anor 

75% in the nonirradiated controls standardized spension of ipprox 
series B9-17 nd 36% in series A10, imately 1.25 m I sheep red cell 
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were injected intravenously 2 days after 
irradiation. Controls for each series (ex- 
cept for rough spleen-shielded series 
45) involved total shielding from ir 
radiation and tota! body irradiation of 
rabbits whose spleens were surgicall 
exteriorized 

Jacobson and his associates con 
cluded that the capacity to form anti 
bodies to an injected particulate anti 
yen is retained to a marked degree in 
spleen-shielded animals. As regards the 
amount of antibody formed, our results 
agree in principle with the results of 
Jacobson and his associates except that 
the protection was less in degree and 
was even negligible in two series of 6 
and 8 rabbits (series A2 and 3). In fact, 
4, of 


body if all 


14 rabbits formed no anti- 
Our 


when grouped together with 


these 
surgically shielded 
animals, 
amount of i 
28% 


formed 28% of the adjusted 


out regard to source or 


radiation, showed about protes 


tion, 1.e 
antibody 


amount of produced by the 


nonirradiated group. A similar calcu- 


lation for the animals given in the two 
indicated a 


papers by Jacobson et al 


»rotection of 70%. Fifty-two percent 
was the highest protection we obtained. 
These differences occurred in spite of 
certain similarities in the experimental 
procedure. For they used 
Swift rabbits to 


tered 800 r in 


example, 


which they adminis- 


most cases, whereas out 


rabbits from this source showed no pro 


tection with 700 r. They injected sheep 
red cells intravenously 1 or 2 days after 
irradiation. They used 60% more anti- 
gen than we did but this comparatively 
small difference is unimportant in view 
of our earlier studies (see W. H. and 
LL. G. Taliaferro, 1954a). The differences, 
however, may be accounted for by dis- 
similarities in the experimental pro- 
cedure which at present we cannot eval- 
uate. For instance, in their hemolytic 
titrations, they used a 100% end point 
hour at 37 ¢ 


after incubation for an 
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and overnight in the refrigerator. Their 


method of titration was less exact 


than ours and their method of incu- 


bation would involve a larger quantity 
of less avid and less hemolytic antibody 
than ours. 

Wissler et al (1953) that 


lead-shielding the rat's spleen during ir 


concluded 
radiation resulted in antibody concen 
trations nearly equaling those reached 
They, 


fore, also obtained more protection than 


in nonirradiated controls there 


we did. Parenthetically, it should be 


pointed out that our rabbits only formed 
laliaferro and 


Forssman hemolysin 


Talmage, 1956), whereas their rats pre 


sumably formed isophile hemolysin 


since the rat contains Forssman anti 
gens in its body. 

In several papers, we have empha 
sized the advantage of collecting data 
spaced closely enough to allow antibody 
least to 


We 


have also given our reasons for believing 


curves to be constructed at 


peak titer in individual animals 


that peak titer is the best single meas 
ure for interrelating the amount of anti 
body formed under varying conditions 
Moreover, comparisons of titers at the 
same time interval after the injection of 
antigen seldom give a true picture of 
the total amount of antibody formed in 
irradiated and nonirradiated series, 
when, as so frequently happens, the ir 
radiated animals have a lengthened in 
duction period which displaces the en 
tire antibody curve. In such cases, sta 
tistically significant differences in titer 
on a given day have no meaning in refer 
the total 


Therefore, to get a basis for analysis, 


ence to antibody formed 
we titrated serums at closed spaced in- 
tervals for a month or more to obtain 
the highest arithmetic peak titer with- 
out respect to the specific day on which 


(table 4). 
analysis, we have used log peak titers 


it occurred For statistical 


because of their more normal distri 


bution. The rate of the immune response 
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was then gauged by the length in days 
of the induction period and of the anti- 
body rise to peak titer in conjunction 


with rates of antibody rise (kk). In 
measuring the degree of protection af 
forded by spleen shielding, we cor 
rected for the amount of antibody made 
by the totally irradiated group by sub- 
the peak the 


idiated group from the mean 


tracting mean titer ol 
totally irr 
peak titer of both the nonirradiated and 
shielded groups 


The 


markedly. 


degree ol protection varied 
the rabbits 


whose spleens were shielded from 700 


Thus, among 


r, the Sharp rabbits showed 29% pro 


the Swift rabbits 


3 combined) showed no 


whereas 
\2 and 


protection 


tection, 
(series 

This difference may be due 
to a more active lymphoid-macrophage 
system in the first group because of 
several concomitant infections (see Ma 


Methods 


s or the constants used and other 


terials and The amount of 


X ra’ 
unresolved factors also operate. 


Swift 


Thus, 


imong rabbits under 


identical 
titration procedures, spleen-shielding 
from 700 r produced no protection in 
A2 and A3. 
shielding from 500 r gave 52% protec- 
tion in series A4 and 18% 
(1-A1) reported by Siissdorf and Draper 
(1956) in 


procedure 


series However, spleen- 


in a series 
which, as compared to our 
_ 8 times more antigen was in- 
jected 1 day after irradiation, i.e., at the 
time ol 
We 


spleen, 


MAaAXIMUTT) WiyUry 


also found that shielding the 


when it protected antibody 
formation, also protected the rate of 
formation slightly and the induction pe 
riod and length of antibody rise to peak 
titer markedly as compared to totall 
irradiated rabbits. Jacobson et al found 
a delay in the time of peak titer and did 
not measure rates. 

In experiments in which we sur 
gically lead-shielded the spleen and ir 
radiated the rest of the body with 500 r 
intact within the an 


left the splee: mat 


1, 3 or 5 days and then removed it, we 
failed to find the degree of protection 
obtained by Jacobson et al (1952) but 
results 
Wissler et al 


intravenously. 


obtained similar to those ol 
they 


found 


when injec ted rats 

We that the 
shielded spleen, if left in the irradiated 
animals 3 to 5 days, failed to increase 
peak but 
shortened the induction period as com 
totalls 


titer or rates appreciably 


pared to irradiated animals 
These findings suggest that, in part at 
the the 


amount of formed are differ- 


least, factors which suppress 
antibody 
ent from those which cause the induc- 
tion period to be lengthened. Such a 
separation of factors is also suggested 
by the results of Jaroslow and Taliaferro 
1956). These workers found that rab 
bits given 400 r total body irradiation, 
the 


formed 


which markedl reduces power 


to form hemolvysins, normal 


amounts of antibody when the red cells 


were mixed with extracts of HeLa cells 


or with yeast autolysate shortly before 
injection and were nye ted one day alter 
irradiation. Although such material per 
the 


amounts ol 


mitted inimal to form normal 


antibody at normal rates 
(derived k,), the induction period re 
mained as long as the totally irradiated 
controls which received antigen alone 
Wissler et al (1953 
bod 


pl essed 


found that 500 1 
markedly de 


the rat 


total irradiation 


intibody formation in 


following a single injection of foreign 
red cells administered intravenously or 
intraperitoneally before, 24 hours 
or 48 Lead 
shielding of the spleen during irradiation 


abolished this X-ra 


ot antibody 


just 


hours after irradiation 


largely depression 
formation. When, however, 
the shielded spleen was allowed to stay 
in the rat 24 or 72 hours after irradi 
the the 


shielded spleen was noticeable in rats 


ation, protective action of 
which received antigen intraperitoneall, 
but not in those which received it intra- 


1 
venousi 
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It is of great interest that the lack of 
protection, which we found from leav- 
ing the shielded spleen in the irradiated 
animal for a day or so when the antigen 
was given intravenously, agrees with the 
result of Wissler et al but is opposed to 
their suggestions regarding the role of 
the spleen in the rat and rabbit. Thus, 
they believe that the rat differs from the 
rabbit following the intravenous injec- 
tion of particulate antigen in that most 
of the antibody is formed in the spleen 
in the rat and in nonsplenic sites in the 
rabbit, but that nonsplenic sites are a 
tive in both animals after intraperito 
neal injections. As a consequence, re- 
moval of the lead-shielded spleen from 
the rat after intravenous immunization 
does not protect antibody formation be- 
the 


whereas removal of 


cause intact spleen is 
the 


spleen from the rat after intraperitoneal 


necessary, 
lead-shielded 
after 


and from the rabbit intravenous 


immunization results in nearly normal 
antibody production because of the pro 
tective effect of the shielded spleen on 
extrasplenic antibody-forming tissues. 
We agree with Wissler et al that the evi 
dence to date indicates that the spleen 
is relatively 


more important in im 


munization with particulate antigens 
via the intravenous route in the rat than 


rabbit. We 


that they overemphasize this difference. 


in the believe, however, 


Moreover, they overlooked the evidence 
that we (1950) 
that alter 


presented indicating 
a single injection of 1 ml of 
1.25% sheep red cells/kg (approximate 
ly a 50% larger dose than they used), 
splenectomy reduces the titer to about 
11% of the controls. In the present work 
with the same amount of antigen, there 
was a reduction to about 28%. These re 
sults indicate a large involvement of the 
spleen in antibody formation in the rab 
bit 

Both Jacobson et al for th 
and Wissler et al for 
protection afforded by 


rabbit 
the rat relate the 


lead-shielding 
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the spleen to the role of the spleen in 
forming antibody. We believe this as- 
the 
Thus, in the nonirradiated rabbit, re 


sociation in rabbit is fortuitous 


moval of the spleen greatly reduces the 
antibody formed, whereas removal of 
the 
lower (Siissdorf and Draper, 1956) and 


appendix does not significantly 
occasionally increases peak titer (W. H 
and L. G. Neverthe 


less, as shown first by Jacobson et al 


Taliaferro, 1950 


(1950), shielding the appendix exerts 


just a protection as shielding 
the 


paper by Siissdorf and Draper (1956), 


as great 
the spleen. In fact, in following 
it will be shown to be far more effective. 
These data suggest that the important 
factor is the relative mass of lymphatic 
tissue which is shielded rather than the 
rabbit, 
the appendix is much larger than the 


special organ shielded. In the 
spleen while in the rat the spleen is itself 
relatively large. The lack of the neces 
sity of the shielded tissue to form anti 
body indicates that the shielded tissue 
possesses some factor which induces re 
generation of the antibody-forming tis 


locally 


the chief locus of antibody-formation ts 


sue. The factor may act when 


shielded or at a distance when other 
tissue is shielded. It may be cellular and 
or noncellular in nature. In so far as it 
is noncellular (cf Jacobson, 1956), it may 
be akin to the substance which occurs 


in HeLa 


which 


autolysate 
1956 
found would restore the capacity of X 


cells and veast 


Jaroslow and Taliaferro 
raved animals to form antibody. 

The older literature contains reports 
that 


locally enhance antibody formation, but 


small amounts of X rays given 
the findings are difficult to evaluate at 
the present time (see review by W. H 
and L. G. Taliaferro, 1951b). Mention 
however, should be Manou 


khine (1913), who reported that guinea 


made ol 


pigs, after irradiation with 1 H (prob 


ably about 125 r) over the region of the 


spleen a day after the injection of an- 





RAY EFFECT 


tige! gave hemolytic titers 2 to 5 times 


higher than nonirradiated controls 


In our recent work, we found 


two 


types of enhancement of 


antibody 
produced in totallh 
W.H.1 
and L.G 


first t 


irradiated rabbits 
al, 1952, and W.H 
laliaferro, 1954a and b). The 
ype occurred when antigen was in- 
jected a few 300 to 700 r 
total bod, 


iliaferro et 


hours before 


irradiation. This increase of 


ik titer was associated with a marked 
lation of the 
indicated b i les 


riod al d 


retal immune process as 


gthened induction pe 
i slower rate of 


rise ol serum 


intibody. It is not a true stimulation 
but appt irs to be the result ol the at 
antibody 


tivity of an injured 


that 


forming 


mechanism functions over a sufh 


cientl long period ind eventualls pro 


duces high peak titers. The second type 


occurred with much lower amounts of 


total body irradiation (10 and 25 rbut 


not 50 r) and was not associated with 


lence of a retardation of the im 
ponse. Since the increase in log 


the normal was statis 
P<0.001 


titers over! 


significant » we do 


not doubt its occurrence, but believe 


further work is necessary because of the 


extreme variability encountered be 
tween series tested at various times al 


like 
It is doubtful that either type of 


though presumably under condi 
tions 
formation involves the 
the 


hancement found in our present work 


excess intibody 


same mechanisms as in true en 


WW ith larger doses ol X rays to the spleen 
ilone 
The marked enhancement of antibod) 


formation in rabbits whose spleens 


large doses of X 
2000 to 10.000 1 


alone received rays 
2 davs before the in 
travenous injection of red cells is in 
manv wavs the most remarkable finding 
reported in the current work. Identical 
involved itl 
local 


formation 
1956 


mechanisms ma be 
and itl 


of hemolysin 


our 


work the stimulation 


reported b 
lox all 


Graham et al when they 


ON HEMOLYSIN FORMA 


PION 


irradiated the rabbit with 1000 r im 
mediately after and again 1 week afte 
the intradermal injection of sheep red 
cells. Theu procedure and results, how 
ever, more nearly resemble the t pe ob 
tained by us when antigen was injected 
total 


found that the anti 


shortly before severe bod i 
radiation since they 
gen had to be in the tissue at the time of 
irradiation 


SUMMARY AND CONCLUSIONS 


Rabbit antisheep hemolysins titrated 


in 50% hemolytic 
1 to the 


hemolysin production of lead-shielding 


units have been used 


study protective effect on 
the surgically exteriorized spleen of the 
rabbit 700 r X radi 


ation 2 days before the intravenous in 


receiving 500 r or 


ection ot a photometricaily standard 
1.25 


ky rabbit; (2) toas 


ized suspension ol sheep red cells ( 
ml of 1° 


certain 


; cells per 


the result ol splenectomizing 
alter X 
the ef 


while 


such rabbits 1, 3 or 5 days 


radiation; and (3) to 


fects ol 


compare 
the body 
irradiating the spleen with 500 to 10,000 


lead-shielding 
r 2 days before the intravenous inje 
cells 
operated control series in 


the 


tion of the same amount of 
Surgically 


volved 


red 


exteriorizing 


spleen and 


either shielding the rabbit completel 


irradiation or totally 


the rabbit 


irom irradiating 


Surgical lead-shielding of the spleen 


from 500 r to 700 r protected hemolysin 
production in 4 series of rabbits from 0 
to 52%. These obtained 


from peak titers of the spleen shielded 


values were 


series in terms of the noniri idiated con 


trols after subtras ting from each series 


the peak titers ol totally irradiated con 


trols. The degree of protection varied 


ibbits and the 


Source 


verage pro 


tection tor the whol ‘Ss Was 28% 


In iddition, there was a slight 


k, values 
the 


protec 
tion of the rate of formation 


and a more marked protection in 
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lengths of the induction period and ini 
tial rise to peak titer. 

Protection was only afforded to the 
induction period by leaving the shielded 
spleen in an otherwise irradiated rabbit 


Peak 


k,) and the length of the antibody rise 


$ or 5 days titers, rates ol rise 


to peak titer were practi ally the same 
is in irradiated controls 
Rough shielding of the spleen by ex 
ternall plac ed lead strips afforded 30% 
protection in administered 
{O07 
Antibod 


as compared to nonirradiated controls 


one series 


formation was stimulated 


in rabbits whose spleens received large 
doses of X rays (2000 to 10,000 r) as 
indicated (after a 


slightly lengthened 


induction period) by an augmented peak 


titer produced at a slightly higher rate 


during the normal length of time 
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I he 


\\ 
1951, 1952 


(y lahaterro (1950. 
have made extensive studies 


on the function of the spleen in hemol) 


They 


performed 14 


sin formation in the rabbit (1950 
showed that splenectom 


ad 4 da 


i single dose of sheep red cells 


vs before through ys alter injec 


tion ol 


caused a slower hemolysin rise and de 


pressed peak titer , user 


Appendes tom 
as all 


thei 


operative control procedure in 


experiments, resulted in occa 


Sion 


ill 


‘tal 


higher hemolysin titers. Jacob 
(1950 


SO ¢ 


were the first to re port 
ip 
X irradiation 


intibody 


that | 
nd 


ead-shielding of the spleen o1 
800 r bod 


ted the 


« dur! 
tially 


ap icit 


proter form 


of rabbits to sheep red cells 


lor some delay 


1953 


the 


exXce pt 
\ isslet 


servations 


of the response 
ob 


et al extended thes 


it, a dose ol 


W.H 


repeated the 


to I usi! 


ig 
500 r and the 
a Mateo 
spleen-shielding experiment for the rab 
bit 


sini 


antigen and 


ilialerro 1956 
employ ing more quantitative tec h 


niques for evaluating the hemolysin re 
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HEMOLYSIN 
FROM 


ANDI 


RESPONSE IN 
X RAYS OR 
APPENDIX, 
LEGS 


RABBITS 
X IRRADI 


LN, LIVER 


) 


AURENCE RK. DRAPER 


Universit f Chi Illino 


o, Chicage 


th 


sponse, and observed less protection 


al (1950). In the 


i.uthors reported the 


than did Jacobson el 
Same these 


ettect 


papel 


on hemolysin formatior large 


titers 


ol 


ilone 


doses ot xX ravs to the sple n 
that 


found ibove normal il 


pe 
vere 


he 


mation 


ittained with 2000 r or more 


role ol the 


lor 
debatable 
Hek 
toen t ai, 
1951 that 
the liver plays only a minor role in anti 
body production. Miller and Bale (1954) 
and Miller et al (1954 that ¥ 


globulins are not produced normally by 


liver in antibod, 


is at. present, ol 
iuthors 
Oakle 


have CO luce dl 


A number of 
1915 


significance 
and ( 


and others 


urtis ( 


found 


rat liver although the rest of the plasma 
Thor 


could 


proteins are formed in that organ 
becke (1953 


demonstrate 


and Keuning not 


in vitro antibody forma 
tion by liver tissue of rabbits immunized 
with Salmonella paratyphi B 


ple nec tomized 


vaccine, 
However, liver tissue of 
rabbits vaccinated with the 
ol 


serum did produce 


same anti 


or intact rabbits injected with 
horse 
of antibody in 
Keuning, 1956 
1911; Ranney 


presented evidence 


small amounts 
Phorbecke and 
Other workers (Miller, 
1951 


liver 


vitro 


and London, have 


that the may 


play an important role in the formation 
of antibodies. We (unpublished results 
found that ] of the 


liver ol the rabbit followed by one intra 


( 
( 


extirpation of 75 
venous 
cell t 


cant shortening of the initial rapid rise 


injection of heated sheep red 


stromata produced only a signi 
of antibody to peak titer. Havens et al 
(1956 that the 


il ol 


reported, however re 


mov of 70% ot the livers rats re 


Ig 
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n above normal intibody pro 


after the intravenous injection 
heep red blood cells 
that the 


formation 18 a tut 


hese authors 


uggest 


increase in antibod, 


iction ol some specif 


timulus associated with the removal of 
a large portion of the liver or its subse 
Hecht Potter 


have observed marked synthesis 


quent 


(1955 


regeneration and 
of deoxyribonucleic acid in regene rating 
rat liver beginning 18 hours after partial 
hepatectomy and reaching a ma 


24 to 30 


KiTriuiM 
DNA 


formation is preceded by an increased 


hours postopel itive ly 


rate of ribonucleic acid s\ 

Ihe 
olysin response ot shielding from X rays 
or X radiating 


body 


nthe =| 


comparative effects on the hem 


a portion of the animal 
preceding either local in 


into that 


jection 


part or intravenous admin 


tration ol 


intigen have, to our knowl 


edge, not been reported. The following 
iring on this ob 
bischer (1949 


failed to obtain an « X per ted elevation of 
the 


papers have some he 


ective Lecomte and 


antibody titers in rabbits with high 
levels by X 
iddition, a 
data did 


ol serum 


inti-horse serum precipiti 


hind legs In 


re-evaluation of these 


I ict iting the 


authors 


not show a significant decrease 


titers. Thompson and Harrison (1954 
X-radiated the heads of 
days 


Various 


rabbits thre 


after intracorneal injection § of 


protein without ob 


antigens 
effect 
concentration 


the body 


ervilig an on corneal antibody 


However, X radiation of 
with the head shielded elimi 
nated antibody 


formation in the cornea 


completely. These authors believe that 


in the latter case either a general factor 


necessary tor antibody produc tion was 
destroyed or some inhibitor: 
Smith et al 
hemolsyin resy 
stem, effected partial body 


substance 
was formed 
the 


1956 using 


onse as the indicator 
shielding 
of mice by using perforated lead plates 
the whole body during X i 


Phe that 


covering 


radiation, the 


nol | | 
COnCIUCCE 


damage to the production mechanism of 
hemolysins appears to be proportional 
the bod 


Finally, Graham et al 


to the amount of irradiated 


(1956 injected 


heep red cells intradermal! in the hip 


region of rabbits and focally irradiated 


immediately and one week 


later with 1000 1 


this area 
[hese workers noted 
above normal hemolysin t 


ters In ani- 


this manner. Graham 
1956 
cipiated diphtheria toxoid 
tudy 


mals treated in 


ind Leskowitz using 


ilum pre 


similar 


Ith a 


found an enhanced production 


of circulating antitoxin and evel 


larger increase of intibod, 


of injection and irradiation 


rhe 


stud ol 


work IS a 


present itive 


the 


comp il 


effects on the primar, 


hemolsyin response in rabbits of shield 
from X rays or to X rays 


the spleen ippe hind legs 


Intact, splenectomized splenecto 
I | 


ing exposing 
ndix, liver or 
and 
mized appende tomized inimals 


\ single 110% 
of heated sheep red cell stromata/kg 


\* 


were 


used lose of suspensiol 


was injected intravenously or 


da. 


irradiation 


subcu 


taneously one following extirpation 


d or procedures In all 


serum hemolysin levels 


cases, were 


termined colorimetrically by emplo 
the 50% end point titration method 


With these 


study comparatively the function of the 


method wi ittempted to 


spleen, appendix and liver in the produc 


tion of hemolysins in the rabbit and to 


demonstrate their role in the protection 


of the antibody-producing mechanism 
from X-ray injurv. We also investigated 
the contribution of the regional lymph 
nodes to the total antibody response b 
injecting sheep red cell stromata into 
after X-ir 
from X 1 


| he immune re 


the hind foot pads one dav 
radiating or shielding 
hind legs. 


in this manner w 


ys the 


1 
sponse elicited 


as compared to th il ob 


tained after an intravenous jection, 


the other variables remaining the same 


A related objective in performi this 





LEAD-SHIELDING FROM X |] 


experiment was to reveal the possibl 


protective effect on the hemolysin pro were as follov 30 Ma, 250 Ky 5 mm ( 
; > value lave 
ducing mechanism of shielding the hind age 


limbs during body X irradiation 


MATERIALS AND METHOD , ye liver C approx 


hield 
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Fic, 2 The separate and combined halve 


AND LAURENCI Dr 


of the liver-exposure 


LPER 


-77/ 


th | i / 
N i IF 


hu ld used 1 


semicylindrical end shields were added to protect the rest of the rabbit. x} 


lntigen \ ngle dose of 1.610" heated 


sheep erythrocyte stromata (equivalent to 1 ml 


of 10% red cells) per kg was injected one day fol 


lowing the operative and/or shielding procedures 
above. Irradiation was done 


discussed immer 
i the 


i Rab 


bits in experiments 1, 2 and 3-A and 3-B wer 


diately followi operative procedures 
injected intravenousl, 
the left 


injected 


into the marginal vein of 


ear and in experiments 3-C and 3-D were 


ibcutaneously with half the dose into 


prepared 


each hind foot pad. The stromata were 
according to the method outlined by Jaroslow and 
Taliaferro (1956), which consisted of gently lysing 
fresh strengths ol 


hey 


chamber 


sheep red cells in various 


phosphate-buffered saline solution were 


counted in a hemocytometer with a 


phase contrast microscope and then autoclaved 

it 2 lbs pressure (approximately 103 C) for 1 

hour 
erum Following the 


samples injection of 


intigen, the animals were bled from the right ear 
day for the first week, 3 times a week for 2 
weckly for 
Serum from each 


lected separate ly by centrifugation 
Titration Phe 


ever’ 


weeks and twice inother week or two 


} ml blood sample wa ol 
methods for hemolysin assa\ 
those described by W. H 
Taliaferro (1956). All titers are 


units contained in 1 ml of 


were the same as 
L. G 


in 50% hemolytic 


and 


expressed 


serum, a 50% hemolytic unit being defined as the 
reciprocal of that amount of serum (in ml) re 
quired to lyse one-half of the cells in the pres- 
ence of 2 ml of a solution of complement contain- 
ing four 50% hemolytic 


units. The degree of 


hemolysis was determined photometrically with 
i Klett-Summerson colorimeter 

The titers were graphed semilogarithmically 
igainst time and a discontinuous curve was 
fitted to the points following the reasoning pre 


ented by W. H. and L. G. Taliaferro (1950). Stu 


dent’s {test was used to compare rious group 


Mean daily titers for each group are plotted in 
intibod 
] 


control gro 


the figures to illustrate the 
each experimental and 


1-A5 and 1-B5 


EXPERIMENTAL RESULTS 


The material presented in this paper 


consists of three experiments, each ol 
which is subdivided into several parts 
These parts, in turn, are made up of 
various experimental groups of five to 
ten animals each. The experiments are 
outlined in the first five columns of table 
1 


In experiment 1-A, the spleen was 


shielded or irradiated. Three control 


groups consisted of totally irradiated, 
nonirradiated and splenectomized rab 
bits. In part B these procedures wer 
repeated for the appendix 
In experiment 2-A and 2-b, the 
and ippendectomized 
rabbits, 


irradiated 


livers of intact 


splenectomized respectively, 


ver in ex 


were shielded or two 
control groups oi part A are gi 
periment 1 (A3 and 4), and the controls 
for part B involved appende tomized 


irt idiated 


splenectomized totally ind 
rabbits 

3, the hind legs of in 
tact (A and C) and splenectomized rab 
bits (B and D shielded of 


ated While the previous two 


nonirradiated 
In experiment 
wert irradi 


expel 





Om 


trol Rroup 


trol 


group 
ind 


groups 


mized 


I 


; 
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DOKI 


totalls irradiated 


idiated 


\ll Kroup 4 vere 


and groups } ined 
Groups A5 


were 


rei 
al d 


splenec tomized and 


nonirt 
B5 ol ¢ xperiment 1 
ippendec to 


respec tive 


lable 1 lists the group me 


mized controls, 
ins ol 
characteristics of the 


They are (1) the 


the log irithmu pe il 


hemolysin re 


pons arithmetic and 
) titers in 50% 


hemolytic units, (3) the length in da‘ 


of the induction period (i.e ‘ the period 


bet wee int en 


ik 


of time injection and 


. } the 


of antibody to 


by yirining antibod rise 


length in da of the 


rise 
titer, and the 
intibod: rise (k, 
for the derived k, when the rise consisted 
Standard errors 
the last 
table 1 


thmeti peal 


the 


constants (35) lor 


first phase ol and 6 
of more than one phase 
are also given for these 

the 


because of 


five ol 
measures im but 


titers 


not tor 
mean at 


the 
the 


skewed distribution of 


ind L. G. ‘I 


| he Thi 


lreque me 
latter (see \ H 
1954a 


peat titer re 


lerro ind 1956 an arith 


the follow 


to show relative differences, 


met used in 
bihy anal Sis 
but the mean log peak titers are used to 


estimate difference 


probabilities for 
between pe ik titers 

In figures 3, 4 and 5 semilogarithmic 
plots of daily mean arithmetic antibody 
titers for each group of the three experi 
ments, except for groups 1-A5 and 1 


lo 


arithmeti 


$5, 


ire shown obtain these 


for 


graphs, 


mean 


titers were ob 


Laine d 
fitted semilogarithmic 
rabbit of the 


a particular group from the 
curves of each 
Il he 
are higher than 
the 
peak titers of the individual rabbits of a 


group 
table 1 


in the average 


mean peak 
titers listed in 


shown curves since 
group ! irely occurred on the same day 


The differences between other means in 


the table and those shown by the graphs 


can be expl ined in a similar manner. 
Experiment 1: Shielding or irradiation 
of the spleen or of the appendix of rabbits 


one day before the intravenous injection of 


heated red ce tromata Shield 


spleen 1-A1) or the 


while irr the 


the 
dix (1-Bl 


500 r 


ippel 
bod 
resulted in a marked protection of the 
Phe 
1-A3 
110 


units mil, while the spleen 


idiating with 


hemolysin-producing 
totall 


mechanism, 
irradiated control group 

reached a mean peak titer of only 
hemolytic 
shielded group attained 1400 units and 
the appendix-shielded animals the high 
13,580 Both me 
peak were significantl 

than of group 1-A3 (P =0.01 
When 
titers to that of the nonirradiated 
group 1-A4 (7140 units 
fact emerged that spleen shielding re 


value of units log 


titers higher 


ind 0.001, 


respectivel comparing these 


pe i} 


: the interesting 


sulted in a 18% 


protection ol only Or 


while appendix-shielding afforded com 


plete protection with a normal meat 


peak titer. This conclusion was reached 
by comparing the mean arithmetic peak 


Al and 1 \4 


from each meat ol 


titers ol groups 1 iltet 
subtracting 


1-A3 


employed in 


Zroup he same procedure Wa 
the 


percentages to be quoted below 


calculating protection 
Lhe 
mean log peak titer of the spleen 
shielded group was 
than that of the nonirradiated controls 
(P =0.008 Although the arith 
metic peak titer of the appendix-shielded 
group (1-Bl 


irradiated 


signilica tl lower 


| 


mean 


was larger than the non 


group, there was no signif 


cant difference in the me 


titer 
that the hemo 


lysin rise occurred at a much higher rate 


It is also noteworthy 


in the appendix-shielded rabbits than 
in the spleen-shielded animals. Although 
the mean induction period was longer 
and the mean first phase rate ol anti 
body rise was less in both protected 
groups as compared to the normal rab 
bits (1-A4 and 1-B4), the reverse 
true when they were matched with the 


totally 1-A3 


1-B3). Thus, the mean induction period 


Was 


irradiated groups and 





of group 1 \4 


ind of group \3 r to the 


bod vas 13.04 dl vs, whereas those 


ol groups 


1 


ind 

By irradiati n ndix n the immune 
with 1400 1 2 al . tomy, however, caused 
tempted to in hemolysin formatio 
nectom i lowering ol the I 


| BS5 \ compa! 
X rays the Splec 


howed i unexpect¢ 


ipproar hed 


ior ) bod 


mean peak titer (7140 un 

1-A4 and 12,800 units tor group \2 group | 
The difference between the log pe i} Lhe re 

titers, however, were not ivgnilicant P marized 
0.07 ° The spleen if! diated proup 

showed, 1th 

horter me 


na 


rabbits 


~ 
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Experiment 2: Shielding or irradiation 
of the lwer of intact or appendectomized 
plenectomized rabbits one day before the 
the intravenous injection of heated red ceil 
Shielding the 


body-irradiation 


tromata liver during 


500 r resulted in a 
marked protection from the effects of X 
rays on the immune response, especially 
in the intact animals (2-A1). Thus group 
2-Al showed a significant elevation of 
the mean log peak titer over that of the 
totally (P=0.02 
and a mean arithmetic peak titer of 1200 


irradiated controls 
units as compared to 110 units for the 
intact, totally irradiated group (2-A3 

Che mean arithmetic peak titer of the 
liver-shielded animals represented 16% 
of that ofl 
2-A4) 


order of magnitude as that attained bi 


the nonirradiated controls 


This percentage is of the same 


the spleen-shielded rabbits 
Removal of the appendix and spleen 
2-B4 


reduction in 


(group produced no significant 


mean log peak titer as 
ompared to the intact controls (group 
2-A4). When these organs were removed 


prior to liver-shielding with the rest of 


| Intravenous injection 


Ne Arays 
} infact rabbits “v= 


*. “aN, 


~ 


1400 r > 15% of liver 


— + Om 6 “ i 
=> 


> 


shieided 


28 
Days 


s 
16010 Neated stromata /kg 


Fic. 4 
irradiated groups of experiment 
Note the partial protection by liver-shielding « 


normal responses of the liver-irradiated groups 


AND LAURENCE R 


Mean hemolysin curves of the liver-shielded, liver-irradiated, total) 
yin intact A) an 


pecially 


DRAPER 


the body trradiated with 500 1 
2-B1), the 
than in the intact, liver-shielded 
group 2 Al 
cant difference in mean log peak titer 


The 


significantly 


group 


antibody titers were lower 


nimals 
there was 


but no signif- 


mean induction periods were 


shortened in both liver 
shielded groups as ¢ ompared to those of 
totally 


The mean length of the antibod: 


the respective irradiated ani 
mals 
rise to peak titer was not significanth 
different from normal in either of the 
liver-shielded groups 

The irradiation of 75% of the liver of 
(2-A2 
tion in the length of 


peak titer (P =0.01 


ntact animals caused a reduc 


antibody rise to 


This observatior 


correlates with the already mentioned 


results obtained by extirpating the same 


part of the liver (Siissdorf and Draper 
( h inges trom 


unpublished results). No 


the normal response were observed alte: 
the irradiation of the liver of appendec 
tomized-splenectomized rabbits (2-B2 
Figure 4 illustrates the effects of liver 
irradiation on the 


shielding and liver 


hemolysin response as described in this 


Infraveneus injection 
Appendectom: j¢d 
splenectomized 
rabbits 


10 cone sony sore store athe + pootf—y 
9 i a 2 


9 
16x10 Heated stromata/ kg 


irradiated 
ippe ndectomized sple nectomized rabl 


the intact animals and 





LLEAD-SHIELDING FROM 


sectiol Lhe parti il protection by liver- 
shielding in both intact and appendec- 
tomized splenec tomized rabbits and the 
essentially normal responses of the liver 
irradiated groups are shown 
Experiment 3: Shielding or trradtation 


of the hind legs of intact or splenectomized 
rabbits one day before the intravenous or 


ubcutaneous injection into the two hind 
foot pads of heated red cell stromata.—\n- 
ous following shielding 
500 r X radiation 


of the rest of the body resulted in signifi 


travel! injection 


of the hind legs during 


cant protection in both the intact and 
splenectomized animals (3-A1 and 3-B1). 
alter splenectomy, al 


the 


Leg shic Idi u 


forded complete protection to 


imount of antibody formed when com 


pared to group 3-B4 (splenectomized, 
onirradiated rabbits) and partial pro 
tection when performed on intact ani 
3-A4 (in 
In the lat 


titer ol 


mals as compared to group 
nonirradiated rabbits 
the 


510 units 


tact 
ter case, mean peak 


3-Al 
of group 3-A4 


group 
18% of that 
This pet 


was onl 
(2490 units 
centage is comparable to those obtained 
by liver-shie Iding intact animals in 
(16% and by 


shielding in experiment 1 (18% 


spleen 
Shield 
(3-B1 


arithmeti peak titer five 


experiment 2 


legs alter splenec tom 


ing the 
resulted in an 
times as high as that of group 3-4, but 
difference in 


significant 


titer. It 


there was no 


should ilso be 


the 


mean log peak 


oted that although mean arith 


metic pe ik titers of the two leg-shielded 


there was 


groups were widely different, 


no significant difference between 


mean log peak titers of the two groups 
Irradiation of the hind legs of intact, 
animals with 


intravenousl\ injected 


1400 r (3-A2 


respol St greatl 


did not alter the 


as ¢ ompared to that of 


the nonirradiated controls (3-A4 


groups was delay in reaching peak 


titer b the leg-irrad ted 


the 


immune 


rhe 


only significant difference between these 


inimals due 


X Rays 137 
to a lengthening of the mean length of 


the antibody rise (P =0.02). Removal of 


the spleen betore the irradiation of the 


3-B2 


cant rise in the log peak titer (P 


signif 
0.04) 


hind limbs resulted in a 
is compared to that of the splene to 
mized, nonirradiated group (3-B4 
the antigen into the 
foot pads of intact, leg-shielded 


3-1) did not produce a higher mean 


Injecting hind 


inimals 
titer as compared to that of the 
(3-( 3), al 


though the induction period was short 


peak 
totally irradiated controls 
ened, With respect to the nonirradiated 
inimals (3-C4), 


3-( 1 was depressed 


the response of group 
rhe 


rabbits 


and delayed 


splenectomized leg shielded 
3-[1 
theu totalls 
nonirradiated controls (3-D3 and 3-D4 


the 


showed a similar relationship to 


respective irradiated and 


Che irradiation of hind legs tol 


lowed by an injection of antigen into 


hind 


tardation of the hemolysin response in 


the foot pads caused some re 
both the intact and splene tomized ani 
(3-C2 3-[)2) 
corresponding nonirradiated 


$ and 3-D4 This delay 


a decreased mean rate of 


mals ind as compared to 
the 
trols 3-( 


ey iden ed by 


con 


Wad 


rise in both leg 
pP 0.001 


the derived antibod, 


irradiated groups and 


lengthened mean induction period i 
group 3-C2 (P 
Finall 


ol experiment 


0.002 

the evaluation of the results 
3, revealed the interesting 
fact that the depression of the hemolysin 
titer caused by splenectomy followed b 
in intravenous injection ol antigen was 
greater than that observed 
the hind foot 


titer in 


significantls 


following injection into 


pads. Thus, the mean log peak 
splenectomized animals receiving intra 
venous antigen 

3-4 lower (P 
than that in splenectomized ar imals re 
the 


injections ol group 


Was significant! 0.01 


injections of antigen into 


3-D4). 


summarizes 


ceiving 
hind foot pads 
results of 


kigure § the 
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ntravenous injection 


Splenectom yea rabbits 


egs shicided 


$= -9~ ~0. 
a, “On « 
i.e -°. __ al J Ms 
mm ales f "Oran, 
} % ~-e- mf 


rm, 
No Xrays 


Pe 
6 «10 Meated str 


Foot pad acto 
Splenectomized rabbits 


D 


Foot pad injectior 
Intact rabbits 


leg-shielded, leg-irradiated, totall diated d 


at d sple 


rabbits which were 


bbit B) were intra 


| in curves ol the 
ectomized ral 
to the hind foot 


FiG ) Mean hemol 
ot experiment 3 Intact rabbits \ 


Intact (C) and splenectomized ID injected i 


irradiated groups 


enousls injected 
pads are also show: 
ifter splenectomy had a st 


In the intravenousl; 


” le gw-irt idiation 
mmpared to the plenectomized, nonirradiated controls Che depressive and dela 
+ 


irnpec ted rabbit 


if the antige 


tomy on the antibody response of nonirradiated rabbits were les 


hind foot pads (compare the nonirradiated groups in B and D 





[1 \pD 
he see! th if le Y 
i greater protective efiect 


ously injected animals 
than in the subcutane 
bbits (hg 5C and D 


ol splene ( tomized, intra 


ously injected r 


Leg irt 


idiatio 


venous] ected animals stimulated 


the intibod with 


| 


ectomized 


response respect to 


that ot the nonirradi 


splet 
ted group (fie 5B 


| { 
Ll 


SION 


present result should be dis 
relation te ] the 
the 


legs, 2 the 


ethicacy ol 
ielding 
ind hind 


appende tomy 


spleen ippendix 
effect ol 
ind 


and spl I 


liver 
splenectom com 


ectom 


bined appendec tom’ 


on the formation of antibod 
diated ited 
the effect of 1400 r X irradiation to thes 
he results are 


to those hb \W H ind | (; 


1956) in th itin both studies, 


nh honirra 


, 


and irrad animals and (3 


or site directh 
mp rable 
iliaferro 
ti-sheep hemolysins were titrated by 
photometric methods using the 50% end 
point. Although we employed heated 
aliaferros 
both 


| the 


stromata wherea the | em 


ployed whole red cells studies 


| orssman 
1956 We 


is mu h antigen as 


probablh involved oO 


hemolysins (Talmage et al, 
used about 8 times 
the 1.610" 
rabbit Or rradiated 
] i stead of 2 
his time of 


emploved be« 


stromata per kg 


inimals were 


rected days alter 
intigen injec 
the 
ability of 


alter X 


timing ofl 


rradiation 


t1i0n was iuse it 1s 


pproximate low in the 


point 


the rabbit to form antibod: 


radiation. If the effects of the 
X1 


additive, 


diation and of the antigen dose are 
the work of 
1954 a and ind 


peak titers would have been about 0.5 


laliaferros 
that 


the 
ites our log 
log higher if our animals had been in- 
jected on the second day after X rays 
In group 1-A1, which is directly com 
W. H 


parable to one of the series of 


il (,. Taliaferro (1956 the results 


ire in reasonable agreement. They found 


th if 


i partial protection (52%) of the 
afforded by lead 


exteriorized 


immune response was 


shielding the surgically 
spleen in contrast to the more complete 
protection reported by Jacobson et al 
1950 rhe immune 


shielded 


itiol 


response ol the 


spleen group in the present 


investi in pe ik titer 


showed 1 ie 


ignificantly higher than that of the 


totall irradiated control group but 


markedly lower than that of the non 


rradiate d group lhe pe reent ige protec 


ilculated after adjusting the mean 


on ¢ 


irithmeti peak titers of the normal and 


pleen-shielded subtracting 
ich 
iter attained b 
ontrols was 18° 

Lhe 


peal 


groups by 
the mean arithmeti 


the totall 


rom e peak 
irradiated 
protection expre ssecd as percent 
scribed in the 


the 


titer, calculated as ce 


preceding paragraph varied 


imonyg 


ntact, ints ivenousl injected groups as 
100% 
shielded 


It would 


follow ippendix shielded 
spleen-shielded, 18°7, hind leg: 
18%, and liver-shielded, 16% 
that lead-shielding 


diverse orva or tes a the 


ippear, therefore, 
ol such 
liver and hind leg vives 
the 
the 


protection 


pleen, 
ti ills 


W hereas 


pra 


Satine tion 


ap pe 


partial protec 


nadix yive complete 


Lead shielding of the v 


arious organs 


or sites of intact animals also resulted u 


i shortening of the induction period as 


compared to the totall irradiated con 


trols. The length of the antibody rise to 


peak titer and the rate of its formation 


were significantl shortened and in 


creased, respectivel the liver 


shielded rabbits in 


, Oxce pt il 
whi h 


difference 


there was no 


from the totall 


ignincant 
irradiated rabbits 


Splenectom before intravenous in 


jection o! antigen, resulted in a signifi 


cant lowering of the mean log peak titer 


and 


a reduction of the mean arithmeti 
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peak titer to approximately 6% of the 


intact controls. In marked contrast, 


splenec tomy, betore the 


injection ol 


antigen into the hind foot pads, resulted 
in a lowering of the mean arithmetic peak 


titer to about 50% of the corresponding 
intact control group. This is similar to 
the results reported by Rowley (1950) 
and Wissler et al (1953) for the rat in 
which they found that splenectomy had 
little, if any 


Ww hen 


effect on the peak titer 


antigen was administered intra 


peritoneally the de 


as compared to 


pressed peak titer observed following 


splenectomy with intravenous injection 
of antigen. and 


bined appendectomy and splenectomy 


Appendectomy com- 
did not result in any significant lowering 
of the mean log peak titer as compared 
to the intact and splenectomized con 
trols, respectively. In the case of ap 
pendectomy, the reduction in mean log 
peak titer approached _ significance 
(P = 0.06) and the mean arithmetic titer 
was reduced to 60% of the intact group. 
If further work proves this to be signifi- 
cant, it would be contrary 
ings of W. H. and I 
and 1951). 

Che 
(3-B3) or of splenectomy appen- 
(2-B3) body X 


irradiation did not significantly lower 


to the find 
(s. Taliaferro (1950 
combination of splenectomy 
and 
dectomy with total 
the mean log peak titer as compared to 


the intact, total body irradiated con 
This that total 


body irradiation (500 r) the spleen does 


trols indicates 


alter 
not retain any appreciable capacity to 
This conclusion is at 
variance with that of W. H. and L. G. 
laliaferro who found an additive effect 


form antibody 


of splenectomy and total body irradia- 
tion, 

Chere is no correlation between the 
degree ol afforded by a 
shielded tissue and its ability 
the results 


obtained by extirpating the spleen or 


protection 
to torm 


antibody as indicated by 


AND LAURENCE R 


DRAPER 


| 


reduction in the 


Marked 


normal antibod: response was observed 


appendix 


when antigen was administered in a 


single intravenous dose after splene« 
£ ] 
(1-A5) 


spleen gave only 


tomy and yet 


the 
18% protection. Ap- 


pendectomy, on the other hand, was 


shielding 


followed by a normal induction period 
and a hemolysin response with compara 
tively little depression and only a small 
Shielding the 
ippendix, nevertheless, gave 100% pro 
that lead 
shielding affords protection indirectly 


delay of the response 


tection. The results indicate 


and does not necessarily directly protect 
the tissues involved in the actual forma 


tion of antibody under the conditions 


of these experiments Chis indirect pro 


tection of antibody-forming tissues is 
most probably due to the shielding ol 
mobile cells which can repopulate the 


antibody-forming and/or 


sites some 


acellular material such as the restora 
tion principle described by Jaroslow and 
laliaferro (1956) in veast 


and HeLa cells. 


Irradiation of the spleen, liver, ap 


autolysate 


pendix or hind legs with 1400 r while 
shielding the rest of the body in no case 
depressed antibody formation. In all 
the the irradiated 
animals formed more antibody but the 
valid 
This suggests that higher doses of X 
the might 
stimulated antibody production as de 
W. H. and L. G 
(1956) for the spleen 

In the case of the liver, 
tion of 1400 r to 75% ofl 


intact 


cases except liver, 


increases were not statistically 


rays to various 


sites have 


scribed by laliaferro 


idministra 
the livers of 
rabbits revealed a significantly 


shortened period of antibod) 


rise to 
peak titer. This result and the similar 
observation following partial hepatec 


tomy 


(Siissdor{ and 


Draper, unpub- 
lished results) suggest that irradiation 
(or partial removal) of the liver reduces 


the ability of the organ to metabolize a 





porto! { ti a b vlobul 
former i suits mn more 


Also irtial ‘ ) i the i 
1] 


ie icellul r | i] pres 


limit t 
tose the hielded are 
illow Irradiation ol the spleen, ippendix 
e \ or hind leg vith 1400 r X 
rming site It whil hielding the re 
liver plays onl ise depre 


formatio 


ind ( 1956 Ve ous 
recently that rabbit liver Spl 
the to form small 500 


vitro 


ions ire 


hie Ided Or 


thei ling Is which re 
hind foot 
tomized 
tomized 
erum hemol 


i ed photor etriu I]y 
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STAGG, 


OF PASTEURELLA TULARENSIS 


PICK, DERMACENTOR PARUMAPERTUS 


AND J. F. LAVENDER 


From Ecological Research, University of Utah, Dugway, Utah 


of natural infec 
tion of Pasteurella tularensis in the tick 
Dermacentor 


Since the discovery 


by 
(1924), 


species have been involved as actual or 


andersoni Parker, 


Spencer and Francis other 
potential vectors of tularemia. Parker 
(1933) and his associates demonstrated 
the 
adult rabbit tick Dermacentor paruma- 
pertus Philip and Hughes 


(1953) reported naturally infected ticks 


survival in and transmission by 


Neumann. 
of this species from the southwestern 


United States, Woodbury 
Parker (1954) reported 


and and 


naturally in 


fected ticks of the same species from 


the Salt Lake 
Utah. From these data, it seems likely 
that D. parumapertus plays an impor 
tant the 
laremia in nature in 
The 
experiments was to determine if larval 
D. 


transmitting 


(creat Desert area of 


maintenance of tu 
the Basin 


the following 


part in 
Creat 
region. purpose of 


and nymphal parumapertus are 


capable ol this disease 


under experimental conditions 


MATERIALS AND METHODS 


Schu strain), 
suspension at 0 to 4 C, 


Past. tularensis stored ir 


hydrolysate 


Cassell 
was used it 
these experiments. The lethal virulence (LD 
the 
10-day 


white 


one organism as determined by 
(1954) 


guinea 


value wa 
method of Goldberg et al from 
pigs, 
maniculatus, and 


mortality data in mature 
Peromyscus 


, Dipodom ys 


footed deer mice, 


kangaroo rat microps and D ordi 


following subcutaneous injection ot gr ided doses 
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sment 


of virulent cells. The bacteria were cultured on 
glucose-cysteine-blood agar at 37 C for 48 to 72 
hours. Dilutions for inoculations were prepared 
in 0.5% gelatine in 0.85% saline 

The larval and nymphal ticks that were used 
in these experiments were reared from eggs ce 
posited by engorged females taken from black 
tailed jack rabbits shot in the field. Samples of 
hown to be free from 
Both 
uninfected and infected larval and nymphal tick 


these immature ticks were 
tularemia infection by animal inoculation 


were stored in desiccator jars at a relative hu 


midity of 81% at room temperature when they 


were not on the host. Adult kangaroo rats were 


used as the experimental host animals 

rhe ticks became infected by feeding on kanga 
inoculated subcutaneously 
2000 cells of Past 


Fifteen lots, each containing from 500 


roo rats with ap 


proximately tularensis o1 
ganisms 
to 1000 ticks, were placed on the rats the same 
days that the rats were inoculated; four lots, each 
containing from 500 to 1000 ticks were applied 
2 days prior to inoculation 


Upon the death of the 


host animals, heart, liver, and spleen tissues wer 
cultured on plated agar medium. Organisms from 
the plates were identified as Past. tularensis by 
the slide agglutination method or by inoculation 
ited deer 

After feeding 
checked for the presence of tularemia organisms 
ticks 


in one part of Roccal 


S000 


into white-fo mice 


on infected animals, ticks were 


For the purpos of external disinfection, 


) 


were washed for 2 minutes 


fa quaternary, ammonium compound per 


parts of water and rinsed several time terile 
Five to ticks 


ground with normal saline in 


water each lot 
Ten Brock tissu 


from each pool were 


footed 


ten from wert 


grinders and homogenate 


inoculated into three white deer mice 


lularemia infections in the mice were diagnosed 


by culture of the bacteria from infected group 
Engorged tick vered 


were held for 9 to 


reco 
19 da 
tage. Priv 


from infected rat 


satter wlth y te the 
ceeding w to application, ticks of som 


lots were washed in Koccal, wherea thers wer 


wot. At this 


kangaroo rats Phe 


tin were applied to u 
of diagno 


emplo ed for 


lected 
ime method 
tularemia infecti were 


infected animals as previously discussed 
KESULI 


ol the Ich 


(tables 1 


The data show that man 


of each lot became infective 
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wntal infection of the tick 
tise 


during ¢ ngorgement on 


fularemia-infected kangaroo rat 


In onl, 


of one series fail to 


and 2 one case did all the ticks 


become infective 
by feeding on a 


In this 


i infected kangaroo rat 
instance, blood samples 
the 


larval ticks were removed be 


one 


taken from kangaroo rat showed 
that the 
fore bacteremia developed in the host 
‘ Pa l 


macerated 


,o cultures of tularensis were ob 


from control 


that 


tained ticks 
Vick the 
larval and nymphal stages retained Past 
through the 


became infective in 


fularens1 succeeding molts 


to nymphs and adults, respectively 
Nymphe transmitted infection to kan 
raroo rats after 98 days, and it 1s sus 
pected that this period may extend to 
121 da‘ table 2 


to retain the 


Adults were found 
organisms as long as 30 


days, but in the case of 59 specimens 


lasLe 2.--L). parumapertus lransmission of 


larensi [ Aa 


N. STAGG, AND J. F. 


LAVENDER 
there was no evidence that the retained 


the infection or transmitted it to two 
cottontail rabbits, Sylvilagu 
71 to 88 da 
No 


externally 


nuttalin, 


vs after becoming infective. 


difference was observed betwee: 


disinfected and nondisin 
fected ticks in their ability to transmit 
infection. A single tick was capable of 
There were 


taken 


transmitting fatal infection 
six instances when ticks from a 


presumably infected series failed to 


transmit the infection to kangaroo rats 


DISCUSSION 


Che 


( learly 


results of these 
that 


ticks of the species D. parumpertus were 


experimet ts 


show lary il 


ind ny mphal 


efficient vectors of Past. tularensis under 
the experimental conditions described 
Previous work has shown these ticks to 
be naturally infected 
the 


parasite in 


These data dem 


onstrate importance of this ecto 


maintaining tularemia 1 
nature 

Larvae and nymphs of D 
t and 6 days, 


to engorege. I he longey it" 


paruma per 
tus require respectivel 
of an infected 
t days 
insmit the 


attach 


kangaroo rat is approximatel, 
It is likely that 
) 


within 2 days 


the ticks tr 
disease ifter the 
lhe extended longevity periods of the 
rats as shown in table 2 may have bee 
in attachment of infec 


here 


due to a delay 


tive ticks. was little correlatio 


between the number of ticks placed o 


the 


an animal and longevit of the 
infected host. As 
tick 


transmitting 


was expecte la single 
as effective as 30 or 
fatal 


cases where the k 


Was more 


infection. In the s 


ingaroo rats did not 


irom ticks, it 1s as 


ticks 


infected 
that 


attached or ma 


bec ome 


sumed the ma’ not have 


} 


not h ive been infective 


actors such as a delay in attachment 


ind incomplete engorgement 
Should an 


i larval or ny 


pe sec 


problem worthy of mentio: 


infected host on which 


phal tick 1s feeding die before the ticl 


engorges sulfici t] to devel 
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the ti k seek 
Should this tick become 


the host, it 


succeeding stage, may 
another host 
from first 
the 
animal. Bell (1945 
D. variahilt 


their 


infected may 


transmit disease to an uninfected 


found that infected 
feeding on uninfected hosts 
lose infection, but not without 
inoculating the host which subsequenth 
may develop septicemia and infect other 
ticks feeding on it 

with the 


The results obtained adult 


cottont | rabbits ire not 


No tests were m ide to deter 
the 


cks on col 
clusive 
actually re 
the 


rabbits or 


whether ticks 


Past 


appli ation 


riine 
tularensis at time of 


the 


tained 
to ilter re 
mov il 
Although st 
demonstrated in D ont by 
Parker, Spencer and Francis (1924 
in D 
1936 is 


ive-to-stage transmMmiIssiIo! 


Was ander 
ind 


Z isul hin 


the 


tlvarum by Golov 
far a 5 | 


that tr 


nown this 1s 
s-stadial tras 
has 
Parker and Spence 
insovarial transmission 
(1945 


rial transmi 


hirst time 
of Past 
D. par 
1926 
of D 


that transoy 


SIMISSIOI 


tularenst1 been shown it 
uma pertu 
proved tr 
andersont: maintained 
sion in D. vari 
than the 


to 


aout i the 


rather 


exceptio 


rule Further rest irch is needed 


determine 


occu®rs il D 


{ this type of transmission 


Dbarumapertu 


UMMARY 


lt is know that ticks of the species 


Dermacentor baruma pertus ma be found 


iturall fected with Pasteurel 


ind 


infection 


arenst the adults may trai 

and 
ymphal ticks reared in the laborator: 
fected b 


These ticl 


Nontinfected larval 


the 


became leeding on infected 


iroo rat retained 


Pa 


molt, and the nymphs transmitted the 


fularenst through the succeeding 


infectior to noninfected | ing 
\ single tic] Was ( ipable of transmitti 
the infection Nymph the 


niectior 


its 


iroo ft 


transmitted 


to ka its alter 983 da 


iroot 


d to retain the org 
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isms for as long as 30 days, but did not 
fatal to 
to 88 days alter 


transmit infection cottontail 
rabbits 71 


infective 


hex ominyg 


These data demonstrate the 


potential importance of this tick in 


maint tularemia in nature 


Lining 
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PERITONEAL LEUKOCYTES 


IN MICE 


FOLLOWING X RADIATION, 


INFECTION, AND/OR INDUCED STERILE INFLAMMATION 


I. L. SHECHMEISTER, LEO J. PAULISSEN,* AND R. YUNKER 


From the Department of Bacteriology, Washington University School of 


Dentistry, St 


INTRODUCTION 


Total and differential white blood 
cell (WBC) counts of the peripheral 
blood were studied by several investi- 
gators to elucidate the role of leukocytes 
in endogenous and exogenous infections 
of irradiated animals.' While some re- 
ported an excellent correlation between 
the count of 


irradiated mice and the percent of ani- 


peripheral granulocyte 
mals surviving intravenous inoculation 
of Pseudomonas aeruginosa,’ others did 
not find a consistent correlation between 
these and 


counts intra- 


nasally administered Streptococcus zoo0- 


resistance to 


epidemicus or intraperitoneally admini- 
stered Salmonella enteritidis.’.* Some of 
the latter investigators and others, in- 
dependently, indicated that although 
granulocytopenia induced by radiation 
could be a factor in the increased sus- 
irradiated 


ceptibility to infection of 


animals, one should also consider in 


this connection the induced alteration 


in the function of granulocytes, as well 


as impairment of other defense mech- 


anisms.°~* It was postulated that in 


creased susceptibility to infection result 
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\rkansas. 


1955, Ann 


and Fish 


Exper Biol & 


Louis 10, Missouri 


ing from irradiation was due to complex 
phenomena and will require much more 
study to be understood’:'® 

The following investigation was un- 
dertaken to evaluate more fully certain 
aspects of the role of leukocytes in in- 
creased susceptibility of mice to ex 
perimental infection following exposure 


to sublethal ionizing radiation. 


MATERIAL AND METHODS 


[wo-to-three month 


NAMRI muce 
weighing 15 to 20 g were used exclusively in all 


Experimental animals 


old male and female strain 
but one of the experiments, where mice of the 
Wistar and Tumblebrook 


cluded. All the animals were obtained from a com 


strains were also in 


mercial breeder and appeared to be free of any 
detectable infection. Ralston-Purina Laboratory 
\ few 


mice were sacrificed by severing the cervical 


Chow and water were provided ad libitum 


vertebrae. However, by far the greater number of 
animals were sacrificed by subcutaneous inocu 
lation of 0.3 ml of 1:10 saline dilution of Nem 
butal into the fold of the skin back of the neck 
Irradiation.—A Keleket deep therapy X-ra\ 
unit was used for irradiation. The radiation fac 
: 200 Kilovolt peak, 20 ma, 
1.0 mm, Al, half value 


Cu, distance from target to skin 


tors were as follow 
filter 0.25 mm 
laver 0.75 mm 


‘acm 


Cu and 


output approximately 


\ll X-ray doses were 


18.5 r per minute 
measured in alr 


Sterile inflammatic 


Sterile inflammation 


Shechmeister, I. L 
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and Shechmeister, I. L. In 
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PeRIT: 


was induct { traperitoneai administratior 
0.2 ml of ground gl: 


follow Broke 
j 


cleaned in aq via, 


ion prepared as 


Petri 


iss suspel 


pieces of dishes 


were 
washed in water, ground 
war d pestle and then sifted through 
Material through 


scientilu 


with m« 
graded 
$200 


sie Ve 


that passed 
Precisio sieve with 0.074 mm 
ypenings was autoclaved and used in the experi 
ments. This powder was suspended in physio 
logical saline to 


with that of 


1 known turbidity, 
»x 10° S 


measured b i 


comparable 
enteritidis organisms, as 
Klett-Summerson colorimeter 
with #54 filter 
WBC Total and 


che te rmined ac 


WBC 


standard 


counts differential 


int were ording to 
were made o 


ss the total WBC cx 


ifter 


procedure Ditlerential count 
basis of 100 cells unle 
extremely low, as just 
only 50 or, 


Peritoneal WB¢ 


number of cells in the exposed peritoneal cavity 


irradiatio 


upon occasion, 25 cells were counted 


counts are represe ted as the 


of a just-sacrificed to which was added 


0.5 ml of 


mouse 
terile saline for 
Ali WBC 
to minimize variation due to tec hnique 

Microbial 
(IX, XII g,m) was obtained from Dr. F. I 
Adler, The Public Health Research Institute of 
the City of New York, Inc 
culture 64 of the Agric 
tion of the I 


“washing” the co 


tent counts were made by one person 


agent Salmonella enteritidis 1891 


and was identified as 
iltural Experimental Sta 
Kentucky 


tock of the 


niversit of I 1 order to 


reduce variation, a agent was pre 


pared on gla beads in individual ampules b 


inder vacuum [he contents of a single 


impule were added to 10 ml tryptose broth pH 
7.5, whicl ibation for 10 to 12 


ted the fir 


ars ny 


hour it o/ onstit t passage The 


econd pass prepared by seeding 50 ml of 
the broth with | ml of the first passage and incu 
hour Chis 

red in the 
purity 


\ sta 
] 


Liiiie va 


bating at 37 C for second 


passage wa experiments alter first 


testing for dard suspension of the 


organism in prepared and determined 


Klett-Summerson color 


turbidimetrically on the 
imeter,’ Bac terial counts 
method of 


rabbit-blood agar and 


were made by means 
Miles and Misra" on 
or beef heart agar plates 


37 C for 18 


of a modifed 


which were incubated 


to 24 hour 


1erobicall if 


Comparison of peripheral and peri 


toneal leukocyte counts in mice following 


12 Miles, A A and Misra S S 


38: 732-748. 


1938, J. Hyg 
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AND TRRADIATION 


Lrradwation, infection, and/or induced 


The results of 
initial revealed that the 
concentration of WBC in the peritoneal 
washings of normal NAMRI 


mice was 13,500 + 1700 


lerwie inflammation. 


experiments 


strain ol 
mm.* The num 


ber of peritoneal WBC was found to 


be independent of the method of sacri- 


ficing the experimental animals, i.e., 
using Nembutal or severing the cervical 
vertebrae. Differential peritoneal WB¢ 
counts disclosed the presence of about 
75% ly mphoe ytes, 25% monocytes and 
ilmost complete absence of granulo 
cytes 

During the course of subsequent ex 
periments one group of 2-to-3-month 
old NAMRU mice were exposed to a 
high sublethal dose of 300 r whole body 
X radiation. Within 2 to 3 hours after 
exposure these animals and nonirradi 
ated controls were inoculated intraperi 


1.5« 10° 


Another 


toneally with approximately 


S. enteritidis in 0.2 ml saline 
group of mice was treated similarly, but 
was first given intraperitoneal inocula 
tion of ground glass in 0.2 ml saline 1 


in order to 


lotal 


day before irradiation pro 


duce sterile inflammation peri 


toneal and peripheral counts were de 


termined 1 day alter irradiation. Sym 


bols designating the various groups of 


mice used in this experiment follow 


NOO, 
NGO, 


normal untreated mice 

normal mice receiving ground 

glass 

NGI, normal mice receiving ground 
glass and S. enteritidi: 

XGO, irradiated mice receiving 
ground glass 

XGI, irradiated 


mice receiving 


ground glass and S. enteritidt 
XOO, 
XOI, irra 


enteritidis 


irradiated-only mice 


diated mice receiving S 


NOI, normal mice receiving S. en 


teritid1s 
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Ni. 


counts of the various groups are shown 


peripheral and peritoneal 


in figure 1 
all 


to 25 animals 


except for two groups noted 
later, the 
11 
the left in figure 1 


(NOQO) 


counts are mean of from 


The counts shown on 
are those of the nor 


mal animals. Inoculation of 
ground glass intraperitoneally initiated 
n inflammatory response which is in 
dicated (a by a 


the WB 


of 13,500 up to 32,300/mm* in the peri 


marked leukocytosis 


’ 


increasing from a normal level 


toneal washings, and (b) by a seeming 
ol Wh the 


peripheral blood as shown in the center 
section of the figure (NGO mice). 


rise in the number in 


Ground-glass-inoculated animals and 


normal uninoculated 


controls, which 


were irradiated and infected, provided 


seven groups of mice. Those receiving 


(NGO, NGI, XGO, XGI) 


are shown in the upper part of the right 


ground gla 38 


hand column of figure 1. The remaining 
$3 groups (XOO, XOI, NOI 
the lower part of the same column were 
Of the 


inocu 


shown i 


not treated with ground glass 


former, the uninfected animals 


lated with ground glass (NGO, average 
5 mice) continued to show peritoneal 


ind peripheral counts similar to those 


OWE DAY AFTER INOCULATION 


PAULISSEN, AND R. Yt 


observed on the first day, i.e., 28,600 
+ 3.400 13,800 +1,500/mm', re 
specitvely. The peritoneal counts of thi 
infected animals receiving ground glass 
(NGI) showed a great increase in WB 

43,900 + 5,900/mm', with 
in peripheral 


The 


and 


i slight drop 
9 300 + 810 


(XOO 


blood, mim? 


irradiated-only animals 


showed the exper ted marked peripheral 


and peritoneal leukopenia 
& OOO + 780 


3,600 260 


mm’® and However 


mm 
while the peripheral counts of the irradi 
(XO]) 
at low levels 1 day after this treatment 
(2,800 + 250/mm*), just as the 
the 


mals, 


' 
ated-infected animals were also 


were for 
XOO) ani- 


26.100 


irradiated-noninfected 
the peritoneal 
+ 3,700/mm? 
icantly higher than that of the irradi 
ated-only (XOO the normal 
(NOO) animals (8,000 +780 and 13,500 
+1,700/mm* respectively). This obser 
vation is substantiated by pe 
(2,900 + 210 and high 
peritoneal (26,900 +4,400/mm*) counts 
in irradiated 
(XGO) 


glass-inoculated 


count 
was markedly and signif 


or even 


the low 


ripheral mm 


ground-glass-inoculated 


animals and also in ground- 


which 
irradiated and infected (XGI, average of 
4,600 + 1,300/mm? 


animals were 


5 mice, 


peripheral 


1-DAY APTER IRRADIATION 


WITH GROUND GLASS 


GROUND ASS 
wOocuL arto 


y 
| 


firing Ass, 81.000 
dD) 12900 ¢ 200 
PEM PHERA 6.9000 
f 
[woo] 10,700 t 2,200 


Fic. 1 


ind irradiated mice 


Total peripheral and perito 


eal WBC « 


ounts 


(AR ACKATED 
iWPECTED 


PERIPHERAL BL00D 


13,800 ¢ 1500 26400 t 3,400 


9,300 43,900 t 5,900 


pemvonca., 4600 ¢ $7,900 ¢ 5,000 
32500 ¢ 4200 


2900 26900 t 4400 


epoo2 760 
26,100 2 3,700 


21,700 2 3g00 


mean and standard error of me 





PERITONEAI 





and 
contr t 


NQO] 


37.900 


to this, the normal 


ilso possessed 
d showed a 
the 


u“ re lel : in 


blood a 


Ly 


5,000 /mm* peritoneal 
anin 
a peritoneal leu 
tenden 


peripheral 


Daily ind differential 


ind 


ul srradiated 


teritidis 
int 
with § 


prompted daily observations 


changes (peripheral as_ well 


toneal im ort idiated infected 
ind thei comparison 
ol irradiated-onl ind 
mice 
hree 
NAMRU mice 


pe riments 


‘ ) 


grou oI to 


vere used in 


yosed to 300 r wholebody 


t 
} 
(One ol 


the irradiate 


group 


er It) were 


with WB¢ 


norm il 


Lhe 


idi ited 


il 


enteritia 


ol 


inimals 
counts runt 


infected il range 


10-weel 
the 
lwo of the groups were ex 
X radiation 


ind 


WBC re 


W B¢ 


KOCYTES AND IRRADIATIK 


NORMA wrEecTroO ia 


6+ PERIPHERAL 800K 


ree “tA. @eeenes 


, 
6 


In with approximatel 


Sen Ij (),2 


intraperi 


mil of line 
r group received no further 


Vet pheral i d peritoneal 


to | 


W Bi 
SIX Thhice 


sults ) | 


ed daily on 
The 


Hh borin il 


unt deters 


were 
if h oO} the three 


W Bt 


ol ¢ yroups 


count 


mice ted in 


how 1} 


M 31 mn the 


NO] 


norn 
persisted during 

This was the 
W BC although 
fluctuated the upper pa 
mace 
Phe 


leukonet i i! irt 


peri observation not 


peripheral the 
ind even occa 
inith il 
diated 


KCUrSIOI bove it 
peripheral 
uninfected (XOQO) animals persisted 
12 which the 


began to show the exper ted signs of 


© ex or 


davs, ilter time count 


the 


cove! Perito ‘ count 
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Tim— AFTER |WOCULATION bays 


Fic. 3 Total and differential WBC of normal infected mic« 


the end of the 17-day observation precipitously on the 3rd day to a low 
period. A marked peritoneal leukocy level and hovering there for the remain 
tosis of the irradiated-infected group ing 7 days of observation. 

(XO) lasted only for 2 davs, to decline Figures 3, 4, and 5 show the differ 


PERIPHERAL BLOOD PERITONEAL WASHINGS 
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Total and differential WBC of irradiated noninfected mice 
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PERIPHERAL BLOOD PERITONEAL WASHINGS 
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TiME AFTER |PRADIATION, DAYS 


Fic. § lotal and differential WBC of irradiated infected mice. 


ential counts of all the above groups of | menonuclears do not show much fluctua 
mice, In the normal-infected mice tion. In the irradiated-only mice (XOO, 
(NOI, fig. 3) both lymphocytes and fig. 4) leukopenia in the peritoneal 
granulocytes are responsible for the cavity is due almost entirely to the 
increase in leukocytes in the peripheral lymphopenia. (It should be noted that, 


blood and peritoneal washings. The normally, only very few granulocytes 
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Total and differential WBC of mice infected 9 or 20 days after irradiation, 
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found in the peritoneal washings 
In the pe ripher il blood a gr inulopenia 
observed before 

nimals (XOJ, 
il lymphopenia 
the total 


fluctuations in 


bee 1} 


ilso exist as has 


In the 


hig i 


irradiated-intected 


imilar per tone 
the rise and fall of 


the 


(x cu}! 
count reflecting 
vyranulocyte 

hows the total and differ 
ential peripheral and peritoneal counts 
infected with S 


irradiation. It 


higure 6 


ol mice enteritidis 9 on 


70 da iltet is observed 


that a leukocytosis yranulocyvtosis 


occurs alter infection at 20 days but not 


after 9 days alter irradiation 


DISCUSSION 


\lthough only a cell 


in the normal peritoneal cavity by 


few were found 
some 


investigators ' concentrations com 


pal ible to those found by us have been 
reported In the present experiments, 


had 


inoculated with ground glass or 


irradiated mice which been 


previ- 
ousl 
were infected 


both, 


leukocytosis 


just after irradiation, or 


showed i marked 


This 


prec ted and was observed in 


peritoneal 
response Wis CX- 
the normal 
the 
the 


was not expected 


nonirradiated animals along with 


maintenance of, or a slight rise in, 
peripheral counts. It 
in the irradiated-infected animals in 
thei low 


daily 


showe ad, 


view ol peripheral counts 
VBC 
that 
while the nonirradiated infected animals 
able to, did continue to 
number of WB 


peritoneal cavity during the entire 17 


Results of observation of 


populations however, 


were and 


mobilize a large in the 
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day observation period presumably in 
the 


irradiated animals were unable to do so 


response to a persisting inlection 
2nd day. These observations 
ibilit 

to mobilize WBC in large numbers i 


beyond the 
point up the irradiated animals’ 
response to bacteria administered at 
least up to 3 hours after irradiation 
Peritoneal leukocytosis in irradiated 
infected (XOI) animals is apparently 
not dependent upon peripheral leuko 
cytes, 


since 


a similar peripheral leuko 


penia is also associated with low peri 
toneal counts of irradiated-only animals 
Discrepancies in peripheral and_ peri 
toneal differential W B¢ 
absence of free exchange between WB¢ 
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peritoneal cavity. 
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by a reduction in the 
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incidence of infec 


tion with certain indigenous microorga 
isms.'* If it is assumed that phagocytosis 
contributes to resistance of mice to § 
enteritidis, adequate concet 
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iocytes aft 


tration and 


function of granu the site of 


bacterial multiplication should be post 


tively correlated with survival of in 


fected animals. Mobilization of granu 
locytes during the early postirradiation 
period in response to inflammation 
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ind after being transported to the peri- 


toneal cavity multiply therein’ un 


checked, because of the lack of granu 
locytes 

these results show that under some 
conditions the total and differential leu- 
kocyte counts of the peripheral blood of 
an irradiated animal are not an index of 
the 


animal's leukocytic response to in 


fection. Therefore, they should not be 
used exclusively or only warily so in cor 
relative studies dealing with the sus- 


the 


ceptibility irradiated 


pattern ol 


animal 


SUMMARY 


\ study ol 
ol WB 


experimental infection in normal and in 


the concentration and 


nature was made at the site of 
irradiated mice, in order to gain a better 
knowledge of the role of leukocytes in 
and infection. 

Large numbers of WB¢ 


in the peritoneal cavity of normal mice. 


radiation injury 


were found 


\bout 75% of the cells were lympho 


cytes and 25% were monocytes; the 
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number of polymorphonuciear leuko- 
cytes was negligible 

Intraperitoneal inoculation of Salmo- 
nella enteritidis or ground glass stimu- 
lated a slight increase in the concentra- 
tion of peripheral leukocytes but caused 
a marked peritoneal leukocytosis. The 
peripheral and peritoneal leukocytosis 
occurred one day after infection and 
lasted for the duration of the experiment 


(17 days). 


In contrast to the normal leukocyte 


response following infection, the periph- 
of 


infected 


eral counts irradiated and subse 


quently animals showed a 


marked leukopenia resembling that of 
irradiated-only animals. But these pe- 
ripheral counts of irradiated-infected 
did reflect the 


peritonea! leukocytosis evident 


mice not pronounced 
for 3 
days after infection. 

It is therefore suggested that in the 
early postirradiation period, correlation 
of peripheral WBC counts and the out- 
come of radiation injury may be mis- 


leading. 
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tional or genetic factors are possible 
explanations since racial differences in 
other diseases are known to exist (e.g., 
breast cancer in the female is 7 times as 
frequent in Americans as in Japanese 
of equal age groups). Another possible 
explanation is that a more highly anti- 
genic strain of virus caused the infec 
tion in Americans (a majority were from 
Okinawa, 
from Tokyo). 


HAI 
after 


whereas all Japanese were 


antibody became detectable 
illness, but 


markedly. 


soon onset of 


early 
Jap- 
anese and American patients had titers 
of 1:320 and 1:640 within 5 days after 


appearance of symptoms, while a few 


titers differed Several 


of the Japanese patients remained nega 
1:40) as late as day 8 


The discrepancy between Japanese and 


tive (less than 
Americans was greatest by this tech 
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nique (fig. 1 and table 1). In Americans 
the average titer reached 1:320 by day 
3. By day 10 the lowest titer was 1:320, 
and the average was over 1:1280. Maxi- 
mum titers over 1: 2560 were rare. Japa- 
nese showed the same pattern but titers 
were lower. Titers of 1:160 were com- 
mon as late as day 30, and only one-half 
of all serums collected after day 9 titered 
1:320 or greater. Although average HAI 
titers did not rise significantly after day 
10, a few patients did not reach maxi 
the 3rd Some 

to 4-fold drops in 


mum titers until week 
patients showed 2 
titer after 30 days, and all titers had 
decreased by 5 to 6 months alter illness. 

CF antibody was occasionally detec 
table at 1:4 by day 4, 
1:16 by 


majority of both Japanese and American 


and Oct asionally 


reached day 7. However, a 


patients (63 percent olf specimens) were 
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negative (less than 1:4) through day 10, 
and 3 Japanese were still negative be 
rhe 


was at or near maximum 


tween 15 and 50 days after onset. 
mean CF titer 
by 15 days after onset and showed only 

the 2 
months, but dropped significantly by 5 


minor fluctuation during 


next 
to 6 months after illness. These observa- 
tions on time and magnitude of CK 
antibody rise are in general agreement 
with those of previous workers.*~? 
Neutralizing antibody was detectable 
the virus dilutions tech 


very early bi 


nique. Serums from only 2 patients (1 


Japanese and 1 American) neutralized 
less than 1.5 logs of virus in the earliest 
serum spec imen available (days 4 and 
6). One patient neutralized 3.9 logs of 
hours after first 


virus 24 recognized 


symptoms. The average antibody titer 
in serums collected during the first 4 
days after onset was 1.9 logs, and for 
serums collected on days 5 to 9 it was 
2.5 logs. Thereafter average titers rose 
progressively but only slightly for the 
next 5 weeks to a maximum around 3.0 
logs. There was no drop in titer by 6 
months 


The 


technique also showed high titers in 


serum dilution neutralization 
early serums and progressive but slight 
rise in average titers in the next month 
or two. The drop in average titer by day 
150 cannot be accepted without reserva 
tion since the neutralization tests on 
these late serums were not done simul- 
taneously with the earlier specimens, 
the 


materially affect the serum titers. 


and differences in virus dose do 

Comparison of the virus dilution and 
serum dilution neutralization data was 
possible on 30 patients from whom 
sufficient serum was obtained for study 
of serial specimens by both techniques. 
If a 10-fold rise in serum dilution titer 
is set as the ciriterion for diagnosis of 
current infection this technique estab 
lished 


the diagnosis in 7 patients, of 
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whom only 4 were diagnosable by virus 
neutralization but if 
the 


another 3 who were diagnosed by virus 


dilution 
failed to 


tests; 
establish diagnosis in 
dilution criteria (2.0 logs rise). If a 4 
fold rise in serum dilution titer is ac 
cepted as significant (in tests performed 
with identical 


simultaneously virus 


inoculum), this technique established 
diagnosis in 12 patients of whom only 7 
were diagnosable by virus dilution 
criteria, but again failed to establish the 
diagnosis in 3 patients who were diag 


nosed by the virus dilution 


neutraliza 
tion test. 

Both neutralization techniques failed 
to show a diagnostic rise in titer in 50% 
of patients who were diagnosed by both 
Ck and HAI techniques 

A graphic 


comparison of averaged 


antibody these 


curves as detected by 
4 techniques is presented for the first 3 
weeks after onset in fig. 2 
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iormal clinical practice diag oses ma 


be missed by ( | technique because sera 


are not collected late enough after on 


set Di kerson et al* have also stre ssed 
the high 
vhom CF antibod) 


tand & weel 


percentage ol patients in 
between 


The 


virus dilution neutralization technique 


rise occul 


ifter onset of illnes 


suffers several detects a a diagnosti« 


method, The very 
bod 


ol rising 


titer 


promptness of anti 


lemonstration 


No absolute 


acce pted be 


response pre ( ludes ( 


titer in most ¢ 


iSeS 
for diagnosis can be 
cause of long persistence of neutralizing 


intibody level Lhe 
inot be if le ist 


infection 


1or it 


ilter prior 
terpreted 
10 days alter mice are inoculated 
ill in vivo tech 


ive. The 


zation technique mi be 


ques it 18 @x 


serum-dilution neutrals 


more satisiac 
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infection 
but 


less ac- 


for diagnosis of 
the 


more 


tor’ recent 


than is virus-dilution test is 


slower, expensive, and 
curate'‘than either of the in vitro tests. 

of 
neutralizing antibodies, the neutraliza- 
the 


sensitive test for detecting serologic evi- 


Because of the long persistence 


tion test (virus dilution) is most 


dence of past infection. However since 
HAI detectable at 


low titers for several years after infec- 


antibody remains 
tion this cheaper and faster test may be 
applicable in some survey studies es 


pecially those utilizing serums from 


children. 


SUMMARY AND CONCLUSIONS 


Antibody titers were determined in 
serial serum specimens from 23 Amer 
ican and 43 Japanese patients with a 
confirmed diagnosis of Japanese B en- 


hemagglutination-inhibition 


cephalitis serological techniques 
were 


(HAI), 


dilution 


complement-fixation (Cf), vir- 


us neutralization, and serum 
dilution neturalization. lk or each of these 
serological techniques comparative 
time-titer curves were determined which 
indicate time of (1) appearance of de- 
tectable antibody, (2) achievement of 
(3) 


disappearance ol 


maximum titers, decline of 
(4) detectable 


antibody. From these data the follow- 


titer, 
and 


ing generalizations are made. 

CF antibody titers rose rather slowly, 
remaining undetectable in most patients 
during the Ist week of illness, and oc- 
casionally remaining undetectable dur- 
ing the 3rd In 
maximum titers were achieved during 


week. most patients 


the 3rd week of illness. Titers staved at 
or near maximum for at least 2 months 


thereafter but dropped to a diagnos 


SOUTHAM 


tically insignificant level by 5 months 


Neutralizing antibody as measured 
by the virus dilution method appeared 
in high titer during the 1st week after 
onset of illness, increased only slightly 
thereafter, but persisted at high titers 
for over a year. The serum dilution ne- 
tralization studies showed a similar anti 
body response curve, but in a few pa- 
tients the rise was less abrupt than by 
the virus dilution technique, and limited 
data suggest that the titer may decrease 
after a few months. 


HAI antibody 


almost 


became detectable in 
all patients within one week 
after onset of illness, reached maximum 
titer by two weeks, dropped sharply 
after 5 to 6 months, but remained de 
tectable at low titers for several years. 
Under the conditions of this study an 
HAI titer of 1:640 was diagnostic of cur- 
rent JBE virus infection even in the 
absence of a demonstrated rising titer. 
liters of 1:160 and 1:320 were highly 
suggestive but could not be accepted as 
diagnostic because occasionally they 
may persist as residual from earlier in- 
fection. The HAI technique confirmed 
all diagnoses based on CF tests (66 pa- 
tients) and established diagnosis on an 
additional 18 patients on whom diag- 
nosis was not established by CF tests 
The HAI technique gave diagnostic re- 
sults faster than CF or neutralization 
techniques and was practical for routine 
use in a virus diagnostic laboratory. 


Americans averaged higher antibody 


titers than Japanese by all except the 


serum dilution neutralization technique 
This difference was marked and showed 
a high degree of statistical significance 
with the HAI technique. The cause of 
this difference was not learned. 
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Laboratory, | 


rom the Dept 


lhe principal objective of this study 
was to detect inapparent infections by 
Japanese B encephalitis (J BE) virus in 
order to compare the antibody response 
with that which followed overt encepha 
litis and to estimate the comparative 
frequency of overt and inapparent in 
fections. This was ace omplished by sur 
veying a group of Japanese school child 
ren for serum antibodies just prior to the 
summer encephalitis epidemic to detect 
nonimmunes, and repeating these stud 
ies in the after the 


nonimmunes epi 


demic season to detect antibody ap 
pearance. The preliminary survey pro 
vided data concerning applicability of 
the hemagglutination-inhibition (HAI) 
technique to survey work, and patterns 


of antibody distribution by 


age, 
relationships. 


sex, 


residence, and_ sibling 


These data will be presented first. 
SEROLOGICAL SURVEY 


outlined in 
1 


Serological methods are 


the first paper of this series.’ Serums 
collected June 23 and 
23, 1954 from 190 Japanese ele 


(ages 8 to 11) 


were 
July 


mentary 


between 


school children 
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B ENCEPHALITIS VIRUS 


SOUTHAM* 
of the 406th Medical Ge 


Army 


neral 


living in the towns of Tsuruse, Yanase, 


and Mivoshi 


lecture, Japan 


in Iruma-gun, Saitama Pre 
This region adjoins the 
lokvo-to. It 
contains rural villages of 2000 to 5000 


northwestern border of 
population, and the intervening land is 
used for rice paddies, truck gardens, and 
None of the children in 
this study had a past history of central 
The July 
lection of serums prec eded the en epha 
least 4 
concurrent 
this 


small wood lots 


nervous system disease col 


litis season bi at weeks ls 


judged by studies of wild 


birds in same region? and publi 


health statistics from Tokyo-to.’ 

All serums were tested for antibodies 
the Nakayama }BI 
virus by the HAI technique starting at 
Most of the 


serums, including all of the HAl-nega 


against strain ofl 


a serum dilution of 1:5 
tive specimens, were also tested by neu- 
tralization technique to determine the 
validity of the HAI test 


method 


as a screening 


These comparative data are 
presented in table 1. 
Every one of the 41 children who had 


detectable HA! antibody had 


neutralization test (1.7 logs or greater 


i positive 


child with a negative 
(less than 1.7 
by HAI 
there were 10 children who had positive 
HAI 


tests. Thus in this group the HAI test 


(Conversely, ever’ 


neutralization test 


logs 


was also negative However 


neutralization tests but negative 


gave 12% false negative results but no 


false positives. These results indicate 


?, 406th Medical General Laborator 
1955, Ans 


ial Report for 195 


to Japanese B « 


eepha 
1954 Prepared ty othe 
49 pp. 


Y ipal Health De partment 
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LABLE I Comparison of HAI and neu 


tralization techniques in June-July 


hleedings 


that the HAI technique can be used as 


i rapid ind inexpensive screening t st 


which, if positive, is a reliable indicator 
of antibody, and presumably of im 
munity, but that a person with no anti 


bod by 


tralization technique before he can be 


must be further tested neu 
con idered nonimmune 
The occurrence ol detectable 


bod to | BI 


chool children 1 


anti 
virus in this entire group ol 
summarized in table 2, 
Lhe o 


with breakdown by age and sex 


currence of positive neutralizing anti 
bodi« 5 Was 
ill children 
had 


idding 


computed by 
HAI 


antibody 


assuming that 
intibodies also 


then 


with 


neutralizing and 


those patients with negative 


HAI titers who had positive neutraliza 


tion test. Sixt 190 
The 


nales and females in this 
9 8 ve; 


two per cent ol the 
children had neturalizing antibod) 
average age ol 


irs Che slight 


group 18 identical 


difference between sexes in percentage 


of antibody positives is not signifi 


Paste 2 intibody to Ja; 


, , 
lruma-gun school 


SOUTHAM 


iS judged b. 


0.6 


the chi squ ired test X? 
Percentage of positives i! 


'e) to 67° ‘ 


creased 
progressively from 50% at age 
This 1S compat ble with 
average annual infection rate of betwee: 
9 and 10% of the 


Assuming 


nonimmune popu 


that the 
ill « 


tion in these children, and 


neutral 


lation 
tion test detected ises ol past 
that the 

is 10% 
follows from the observed frequenc’ 


HAI tests that HAI 


ible t titer 


ige annual infection rate 
false negative 
bod: 
1:5 


following infection 


remains detect 


for at least 5 and probably 8 


ccordiut to 


zed 
Phe 
subdivisions of each town as established 
by the 


daries usually 


Data were also anal 


location of residence ireas were 


town government, with bout 


designated b roads ane 
sin the 
The 
irea 1 
the 10 loc 


streams and including are mag 
iumber 


inged 


ilities 


nitude of 1 square mile 
tested 
32 


children from each 
10 to Among 


thus designated, the 3 with the lowest 


irom 
incidence of positive reactors were id 


jacent areas (Hongo, Shiro, and Sakano 


the southeastern half of the 
Yanase com 
45%, 53 
children, while the lowest percent posi 


ind 


posi 


shita in 
town ol These 3 areas 


bined showed positives among 
tive in any other one area was 50‘ ( 
ill other areas combined had 68% 
The 
from 
the 
(9.8 


the childret 
Yan isc W 


the total 


tives iverage age ol 


tested southeastern 


exactly same as stud 


years), thus excluding age 


group 


difference as a factor Inspection of 


dif 


, more paddi« S 


these areas revealed no apparent 


ferences in ecology (e.g 
which might explain the differences i 
frequency ol infections 


past Question 


ing of residents of these areas revealed 
that there had been no recent influx of 
the 


families 


into and, 
the 
nonimmune children were 


\pple ition ol 


population area Sp 


which included 


old rr ide 


cifically, 


the chi-squared test to 





no explas been foun 


Improb ible that the 


cdifference 1 


' , 
due pure to chance 


Sibling rel tionships imong the tested 


were certained in one school 


ch two thirds of the total study 


obtained. There were 10 pairs 


existed, 1.e., if 


i pure! 


imong these 20 ind 


tribution of posilive sand 


would fit the 


these pairs 


expected austri 


ntibod 


pos 


stud group 1s 
tabulated { vith 
ill 


of HAI and neutralization tests were 


the distribu 


tion actu i table 3 Results 


if 


agreement on each of these 20 serums 


| @—@ CLINICAL 


ENCEPH (353 CASES 


165 


lhe fact that the observed distribution 


be ‘ 


aom exposure to 


xpected with 1 ral 


would | 


is what 


fection 1 


compatible 
with al 
ind 


a 


mosquito emination ot virus 


would not be expected in a disease 


In ited 1) person-to person cor 


INAPPARENT INFECTION 


\ugust 


ceph ility 


od 20 to Or 


the 


1954 e1 


Duri per 


tobe 0, occurred in 


| lokyo-to in epidemic pattern 


iltthough the number ot cases 


$55 is to 


the 


1950 


mall 
ik ye 
1182 ca and 
On December 21 


bleedings were obtained from 81 of these 


compared 
1934 « 
1952 (711 LAdsCh 


ind 23, 1954 repeat 


px irs ol 1948 ases 


ime school children, including 30 who, 
had no detect 


HAI 


theu 
ible neutralizing 
\mo { 30 children 
detectable anti } BI 
we 10 and 2 


live, 


previous serums 


Or intibod. 
till had no 


(3 


these 


»S 
intibod and § 
) beccn 


17% 


ige had l¢ Posi 


an 1 ite ol imonyg 


| his ob 


mall study, 


the nonimmune population 


served infection rate in this 


iot inconsistent 


with the aver 
10% 


ZrOUp is 


ve ol UY to computed 


above 
histories obtained 


Retrospective were 


2) 


SERO Dx JAP B ENCEPH (34) 


|} @--@ SERO Dx "NOT JAP B” (40) 
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on each of the 5 school children who 


of JBE 
had 


interval 


showed serological evidence 


Four of them 


the 


virus infection no 


recognized illness in be- 


tween the two serum collections, had 


lost no time from school, and had played 


or worked every day during the 5-week 


summer vacation. The other child had 


illness with associated head 


2 


which resulted 


a febrile 


ache and days of intermittent de 


in absence from 
The 


diagnosis of encephalitis was considered 


lirium 


school from 9 to 22 September 


for this child, but the final clinical diag 
the 


unknown 


nosis (according to family) was 
origin. I[t 
the JBE 
the sero- 
this ill- 
the 
en 


No 


diagnosed case of encephalitis, and no 


merely fever of 


seems highly probable that 
virus infection diagnosed by 
logic studies was the cause of 


ness, which merits 


B 
severity. 


consequently 


diagnosis of typical Japanese 


cephalitis of moderate 
other illness of severity comparable to 
the the 3 


was conducted, ac- 


above occurred in schools 


where this study 
cording to the schoolmasters. The sero- 
logic findings on the 5 children in whom 
development of antibody occurred are 


2. The child 


2 who 
was ill is represented in this figure by 


presented in figure 


open squares. Diagnosis of JBE virus 


infection is firmly established for each 
case by each of the following criteria: 
(1) a rise in HAI titer from negative 
(less than 1 


fold 
from less than 1:2 


:5) to 1:10 or greater (4- 
(2) a rise of CF antibody 
to 1:2 or greater; (3) 
a rise in neutralization index from less 


than 10 to more than 100 (logs of virus 


rise); 


neutralized increased from less than 1 
to more than 2); and (4) a rise in neu- 
tralizing antibody by 
25 


1.Dgo of virus from less than 1:2 to 1:10 


as measured 


serum dilution technique against 
or greater, 


A comparison of these serologic data 


SOUTHAM 


ed 
40} 
20) 
10 

5 
<5 

8 
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JUNE-JULY "DEC. 
1954 
Fic. 2,—Antibody 


techniques following inapparent infection with 


rise as demonstrated by 4 


Japanese B encephalitis virus. (Symbols distin 


guish individual children.) 


with those seen following clinically diag 
nosed (overt) encephalitis is presented 
in figure 3, The data for overt encepha 
litis are those obtained from 44 Japanese 
residents of Tokyo of all ages and from 
8 Japanese children of ages 8 to 11 resid 
ing in Tokyo. These patients had sero 
logically and clinically diagnosed Japa- 
nese B encephalitis during the summer 
1954.' Antibody 


measured by all techniques was con- 


and autumn of as 
sistently lower in the serums collected 
in December from the Iruma-gun school 
than the 


and 


children in serums collected 


during August September from 
Tokyo patients with overt encephalitis. 
This difference however appears to be 
due merely to the later date at which 
the sera were obtained from the school 
children rather than a quantitative dif 


ference in antibody production, since 
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JUNE - 
JULY 


intibody resp. 


Fic, 3.—-Comparison of average | 


B encephalitis viru 


the antibody titers of these two groups 


are similar in later serums 


It is of interest that 4 of the 5 school 
children who had JBE virus infection 
lived in that part of Yanase which was 
found, in the June-July serum survey, 
to have a significantly lower rate of anti 
body-positive children. The difference in 
infection rate between this and other 
(criti 


that 


regions might be due to chance 
cal 1 & 
1954 there was 


lence of virus in this region as in other 


ratio but it is clear in 


it least as great a preva 
parts of the study area. This occurrence 
of a lower rate of past infection and an 
equal or higher infection rate in 1954 in 
this the 


absence of 


that 


area indicates, in 


there 


human population change 


must have been some recent ecological 


OEC 
AFTER ONSET 


e to overt and belinica fection with Japanese 


area which has increased 
ol 


change in this 


the prev ilence or transmission ol 


virus 
Table 4 


ratio ol 


of the 
JBE virus 
infection based on the assumption that 
the the 


representative 


presents estimates 


overt to inapparent 
lruma-gun study 
ol 
student population ot ages 8 to 11 1n 


the further 


findings in 


group are the entire 
these same schools and on 


issumption that they are also 
ol lokyo 
the infection rate of 6% observed in the 
among 81 
to 11 


same 3 


sentative idjacent Applying 


study group (5 infections 


to the entire & 
of these 


is estimated that 


children studied 


vear-old population 


schools, it 50 cases of 


virus infection occurred, The only diag 


nosed cust ol c these 


cephaliti 





(CHESTER M 


Estimated relation hip het 


4 ther figure 
m. Tokyo-t 


i by the 


schools was the case retrospectively 


diagnosed b 


the 


this study. If we 
that 


act ept 


statement no other child in 


these schools had an illness of 


com 
parable severity, it follows that in these 
schools not more than 1 infection among 
50 developed into clinically manifest 
disease 

lokyo-to statistics were also used in 
order to study a large population in 
which an epidemic of overt encephalitis 
occurred, Although approximately two 
thirds of this population live in urban 
or suburban ‘Tokyo, the remainder lives 


in rural parts of Tokyo ecologically 


similar to and adjacent to the study area 


of Iruma-gun (Saitama Prefecture). The 


morbidity rate for Japan se B enceph- 


alitis in 1954 was of similar magnitude 
in urban and rural portions of Tokyo-to, 
so the assumption of a similar inappar 
ent infection rate seems permissible. In 
the lokyo-to it 


5 to 14 age 


calculations for was 


necessary to use the group 


because statistics for smaller age di 


Visions available. It 


probable that the inclusion of 11 


were not seems 


to 14 
their lower pet 


year-old children with 


centage of nonimmunes (indicated by 


morbidity rates as well as by the above 
serological evidence) is more than bal 
anced by inclusion of the 5- to 7-vear 
old children of 


greater susceptibility 


\pplying observed infection rate 


of 6% to the Tokyo-to population of 5 
that 


95,000 cases of virus infection occurred 


to 14-vear-olds, it is 


calculated 


from this same population, 161 cases 


pal Healt 


SOUTHAM 


t and inapparent infection wit 


(including 49 deaths) were reported, a 


ratio of 1 « ipparent 
encephalitis per 590 infections or 1 death 
per 1940 infections 

For these calculations it was assumed 
that all encephalitis in Tokyo-to was 
Since the data 
third 


neal ly 


due to Japanese B virus 
the paper ol 
that half of 
the clinically diagnosed encephalitis in 
1954 than 
|] BE virus, it follows that the true rela 


to be presented il 
this series‘ suggest 


was due to agents other 


between and 
Japanese B 
closer to 1 per 1000 


tion overt inapparent 


infections may be 


Lhere 


error il 


Virus 
is obviously 
this type of 
calculation since it is based on 


little 


great chance for 
numerous 
assumptions and experimental 
data, but in spite of this wide margin of 
error these calculations are acceptable as 
The fact that in 


apparent infection by JBE virus occurs 


a first approximation 


frequently has been repeatedly demon 


strated by serum surveys which indi 


cate high frequency of neutralizing anti 
body titers in people with no history of 
encephalitis, but no previous study is 
known to the present author in which 
the time of and rate of serologic con 
version has been observed and in which 
the antibody response to apparent and 
inapparent infections by JBE virus has 
been compared, This same ipproas h to 
the study of has 


inapparent iniection 


+. Southam, C. M 
cephalitis in Japan. III. Epidemic encephalit 
other than Japanese B encephalitis in Tok 
J. Infect. Dis. 99: 170-173 


1956, Serologic studi { « 


< ie 0 
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been used for poliomyelitis in the United 
tates by Mel: 


to cases ol 


iick,® who estimated 6 
paralytic poliomyelitis 
per 1000 i 

None ol 
detectable antibody in June or July and 


bled in 
since it 


ifections 


those 51 children who had 


who were re December showed 
in intibod would be ex 
IBE virus 


these children an in- 


rise 
pected that if infection by 


had 


crease in antibody would have occurred, 


occurred in 


it seems justifiable to conclude that re- 
infection did not occur among the child 
detectable 
The difference i 


ren with 
bod. 


between 


previous anti- 


infection rate 


these 2? groups (O% Vs. 16% 


is statistically significant (critical ratio, 
2.5). It follows that the presence ol cu 
HAI 
clinical immunity 


In May 


men was obt 


culating antibody is indicative of 
of 1955 a third serum speci 
iined from each of the five 
children who had developed antibodies 
Antibody was still 
child by HAI 
both neutralization techniques at titers 
slightls 


Sscrums 


during the summer 


detectable in « ich and 


onl lower than in the Decem 


ber \veraged data are in 


cluded in figure 3. CF antibody re 


Melnick, J. L. 195 


ture method to 


1, Applic ition of ti ud cul 


epidemiological studies of 


Pub. Health, 44: 571 


poliomyeliti \m | 


520. 


169 


mained detectable in only one child and 
at a titer of only 1:2 


SUMMARY AND CONCLUSIONS 


Five cases of Japane se B virus infec 
tion were diagnosed in Japanese school 
children by study of paired serums col 
lected before and after the encephalitis 
season, All 
had 


tion. 


but one of these children 
a completely as\ 


Antibody 


infection was demonstrable by 


mptomatic intec 
response to inapparent 
all tech 
similar in degree and 


niques, and was 


to that which followed overt 
The 
tion rate among susceptible children in 
The 
intibody-positive rates for 8-, 9-, 10-, 


and 11-year-old 


62, and 67° 


duration 


encephalitis demonstrated inte¢ 


1954 in this study group was 17% 


children were 50, 57, 


Or respectively, inci iting 


an average vearl ol 9 


to 10% 


infection rate 


among nonimmunes. There was 


no difference in antibody-positive rate 


or antibody titers between males and 


females. The occurrence of antibody in 
10 pairs of siblings was consistent with 
a random distribution and hence con 
sistent with mosquito transmission ra 
ther than transmission of the 
that at 


500 and possibly 1000 inapparent infe« 


contact 


virus. It was estimated least 


tions by 
| im 


Japanese B virus occurred per 


of clinicalls ipparent disease 
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From the Dept. of Virus and Rickettsia! Diseases of the 406th Medical General 
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It is stated by Japanese doctors who 
participate actively in the clinical care 
and laboratory diagnosis of epidemic 
encephalitis in Tokyo that in the early 
weeks of an epidemic many patients 
fail to develop antibodies diagnostic of 
| BE virus infection, but as the epidemic 
progresses serologic diagnosis is readily 
established in most cases, During the 
study of antibody reactions in patients 
with Japanese B encephalitis reported 
in the first paper of this series’ a group of 
40 Japanese patients were studied who 
had a clinical diagnosis of nonbacterial 
encephalitis but who showed no sero- 
logic evidence of recent Japanese B en- 
cephalitis (JBE) virus infection, The 
present paper is an analysis of this phe- 
nomenon. 

Serological techniques have been pre- 
described.' All 


sidered in 


viously patients con- 
this paper were Japanese 
hospitalized in the municipal hospitals 
of Tokyo-to, and all 
both 


hemagglutination-inhibition 


were studied by 
(CF) and 
(HAI) 


techniques with serial serum specimens 


( omplement fixation 
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inhibiting, complement-fixing, and neutraliz 


cephalitis in Hemagglutination 


ing antibody following overt Japanese B en 


cephalitis. J. Infect. Dis. 99: 155-162 


covering a minimum period of 21 days 
after onset of illness. All diagnoses of 
Japanese B encephalitis were based on 
both CF criteria (4-fold rise in titer and 
/or titer of 1:16 or greater), and HAI 
(4-fold 
1:640 or greater). Diagnoses based on 


criteria rise and/or titer of 
HAI criteria alone have been excluded 
from but 
the conclusions. Pa 
as not having JBE 
detectable 
CF antibody (less than 1:4), no rise in 
HAI titer, and no HAI titer in excess of 
1:40 in About half of 


these patients had neutralizing anti 


study their inclusion 
affect 


tients diagnosed 


this 
would not 


virus infection showed no 


any specimen. 
body for JBE virus indicating prior in- 
fection by the virus. Several cases had 
to be excluded because date of onset 
could not be ascertained 

In figure 1 on page 165 three curves 
One ol (black 


squares connected by line) con 


are presented. these 
heavy 
cerns all 353 patients reported to the 
lokyo-to health department as having 
a final clinical diagnosis of encephalitis 
from June through October 1954.2? The 
points on the curve indicate what per 
centage of patients in this group had on 
et of illness during the indicated week 
Another curve (open circles connected 
by narrow line) concerns 34 Japanese 
Tokyo 
nosed as having JBE virus infection by 


HAI) 


laboratory 


patients from who were diag 


serologic (CF and studies per 


formed in this and whose 


2. Southam, C. M 


encephalitis in 


1956, Serologic studies ef 


Japan. Il. Inapparent infec 


tions by Japanese B encephalitis virus | 


Infect. Dis. 99: 163-169 
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date of onset was known. The points 


on the curve are the percentage of pa- 


tients in this group with onset of illness 
rhe 


curve (blac k cire les connected by 


during the indicated week. third 
nar- 
row line) represent 40 encephalitis pa- 
the who 


JBE 


Again, points on the 


tients from same epidemi 


showed no serologic evidence of 


virus infection. 


curve indicate percentage of patients 
in this group with onset during indi 
The 34 Jap B” 
cases and the 40 “encephalitis, not Jap 


the total 


cated week “proved 


B’’ cases are all included in 


of 353 


Thus 


‘clinical 


the 


group encephalitis 


cases cases studied sero- 


logically with serum specimens adequate 
for diagnosis and with stated date of 
onset represent 21% of the total group 
Curves are 


plotted in terms of per 


centages for each group to permit 
easier comparison of time distribution 
[hese curves (fig. 1 on page 165) indi 


that IBE 


infection and 


cate serologically proved 


virus coincided in time 
distribution pattern with the peak of 
the encephalitis epidemic; during the 
first 6 weeks of the epidemic none of the 
cases studied in this laboratory showed 
serological evidence of ]BE virus infe 

tion; and ‘‘encephalitis, not Jap B’’ o« 

curred in fairly constant numbers 
throughout the entire epidemic period 
The fact that the time distribution is so 
different for the “JBE” and “not JBE”’ 
groups indicates that failure to demon 

anti-JBE 


result of poor antibody-producing ca 


strate antibodies is not a 


TABLE 1 


Figures 


Tyt 


Sequelae 
Jap B encephalitis 
American patients 
Japanese patients 
All patients 


Encephalitis, not Japanese B 


Total 


ENCEPHALITIS IN JAPAN 


Relationship between clinical severity of ilness 
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pacity of certain patients, because il 
such were the explanation a constant 
proportion of patients should be non- 
diagnosable at all times and the curves 
should coincide. Furthermore, lack of 
antibody response is not the result of a 
mild infection since even after clinically 
inapparent infection antibody response 
is demonstrable by all tec hniques.* 


When the 2 
“Japanese B 


groups of patients 


encephalitis’ and “en 
cephalitis, not Jap B’’—-were classified 
is to severity of clinical illness it was ap 
parent that they also differed in clinical 
lable 1 the 
clinical severity of 
by the 
whom 
Data 

proved Japanese B encephalitis are in 
Most of the 
Okinawa. All 
All of the 
but 2 of the 21 


who sero 


characteristics indicates 


illness, as reported 
clinicians, of all 
data 


American 


patients for 


such could be obtained 


from patients with 


cluded for comparison 
\mericans became ill in 
Japanese were from Tokyo 
20 Japanese and all 
American 


patients were 


logically diagnosed as Japanese B en 


cephalitis were classified as having 
typical encephalitis of mild or severe 
degree. In contrast, among 13 patients 
diagnosed as “encephalitis, not Jap B”’ 
only 1 had severe encephalitis, and the 
others had a mild or minimal or atypical 
encephalitic illness 

seems clear 


From the above data it 


3. Nihon noen, Tokyo-to, (Japanese B encepha 


litis in Tokyo-to 1954, Prepared by the 
Tokyo Municipal Health Department. 49 pp 


and serologic diagnosi 


indicate number of patient 


al encephalitis : Clinical 
diagn 
changed 


Severe 
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that there were 2 superimposed epi 
demics of non-bacterial encephalitis in 
lokyo during the summer of 1954. One 
was the result of J BE virus infection. It 
caused typical encephalitic manifesta 
tions with a high incidence of sequelae 
mortality. It 


and occurred as an ex- 


plosive epidemic between mid-August 
and mid-October with peak incidence in 
The other 


mid-September was the re 


sult of an unidentihed 


pathogen. It 


caused a milder illness and occurred 


with fairly steady incidence from mid- 
July through September. The fact that 
this analysis was undertaken because of 
reputedly similar serologic observations 
in previous years suggests that the evi- 


1954 


a frequent or general phenomenon in 


dence obtained in may represent 
this area. 

The causative agent or agents of this 
second type of encephalitis is not known. 
The comparatively mild course of the 
disease and the possible lack of fatalities 
may explain why an etiologic agent has 
not 


been isolated. A bacterial etiology 


was excluded in most cases, presumably 


in all cases, by clinical course, spinal 


fluid findings, and bacteriological studies 
performed in the hospital laboratories. 
Che clinical picture suggested viral in- 
the causative 


fection. If a virus was 


agent it probably is completely un- 
related to JBE virus but conceivably 
could be a variant of JBE virus which 
lacks the complete antigenic composi 
that the 


of encephalitis was poliomyelitis 


tion. The possibility second 
type 
should be serologically investigated, but 
clinically this diagnosis seems unlikely. 
Similarly, it seems improbable that it 
represents ‘type A” (von Economo’s) 
encephalitis because of its mild clinical 
picture, Since mumps virus, lympho- 
cytic choriomeningitis virus, and lepto- 
spira sometimes cause central nervous 
system 


infections,‘® serums from pa- 


tients with “encephalitis, not Jap B” 


SOUTHAM 


were studied for antibodies against 
these agents. Complement-fixation tests 
with mumps viral antigen 


were per- 


formed with acute and convalescent 
paired sera from 11 of these patients, 
and convalescent sera only (serums col 
lected at least 21 days after onset of ill 
ness) from another 7. These included 10 
patients with no detectable antibody to 
Japanese B virus and 8 with serological 
evidence of prior JBE virus infection 
None of the patred sera showed a 4-fold 
Five 
of the 18 patients had titers of 1:32 to 


1:128. These titers suggest mumps in 


rise in antibody to mumps virus 


fection in recent months, but do not 
constitute evidence that such infection 
was the cause of the encephalitis, and 
are not unexpected in children of school 
titers also de 


age. Mumps Chk were 


termined on 9 convalescent sera from 


the “proved Japanese B encephalitis” 
group. One of these had a titer of 1:32 
while all others were lower. These data 
indicate that mumps virus was not a 
common cause of encephalitis in Tokyo 
in 1954 but the possibility that it was 
an occasional cause is not excluded 
Convalescent serums from 7 of the ‘‘en 
cephalitis, not Jap B” patients were 
tested for complement-fixing antibody 
against lymphocytic choriomeningitis 
virus. All were negative at a serum dilu 
of 1:2. Similarly, 


sera from 6 of these patients were tested 


tion convalescent 


for agglutinating antibody to 16 strains 


1 leptospira* and all were negative 


. Adair, C. V., Gauld, R. L. and Smadel, J. I 


1953, Aseptic meningitis, a disease of diverse 


etiology: clinical and etiologic studies on 854 
cases. Ann. Int. Med. 39: 675-704 

Meyer, H. M., Jr., Rogers, N. G., Dascomb, 
H. E. and Payne, F. E. 1955, 


central nervous system infections with special 


Diagnosis of 


reference to aseptic meningitis caused by 
poliomyelitis virus. Bact. Proc. p. 66 
* Leptospirosis agglutination-lysis tests were 
performed by the Department of Bacteriology of 


the 406th “Medical General Laboratory 
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1:100 


Virus 


(less than Lhe possibility ol 


coxsackie infections was not in 
vestigated. 


Japa- 


nese B encephalitis epidemics with the 


Since the abrupt cessation of 


onset of cold weather ts explained by the 
disappearance of the mosquito vector 
ind since this epidemic of undiagnosed 


illness ceased simultaneously with the 


B encephalitis epidemi if 


that this 


Japanese 


possible illness ton 


Seems | 


transmitted by a summer insect 


SUMMARY AND CONCLUSIONS 


lokyo 


with a clinical diagnosis of Japanese B 


Forty Japanese patients in 
encephalitis during the summer of 1954 


Japa 


serum 


showed no serologic evide nee ol 


B virus infection in serial 


nese 


specimens collected during illness and 
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JAPAN 


convalescence. This illness was st 


ported in mid-July and persisted with 


constant incidence through 


al fairl 


September. | contrast, serolegicall 


diagnosable Japanese B} encephalit 
until the 


did 
| 


August, and increased explosively in in 


not appear later part ol 


cidence to a peak in mid-September 


Both 
end of September 


ceased ibrupth at the 
lhe 


milder 


illnesses 
eric ph ilitis 
tha ! 


Was t illness 


2 
lapanese > 


pal 
this 


ind 


icephalitis None ot the 


patients serie had severe en 


one had neurological 


ce phalitis 


sequelae lhe etiologic agent or agents 


of this illness were ot determined 


Limited serolog if studies gave no 


reason to believe that mumps virus, 


lymphoe ytic choriomeningitis virus, of 


leptospira were trequent causative 


igents of this disease 
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STI 


rHE EFFECT OF PNEUMOCOCCAL 


UPTAKE BY 


DARWIN ALONSO”* AND 


Department of Bacteriology, | 


From the 

lhe work reported here is a compara 
tive study of the action of components 
ol a test organism, type | pneumocos 
cus, on the metabolism of polymorpho 
nuclear leucocytes from a susceptible 
species, the white rat, and from a resist- 
int species, the guinea pig. These in- 
vestigations are part of a 
light 


be responsible for differ- 


program in 


tended to shed on host factors 


which may 
ences in resistance of different species of 
hosts to a given organism, Other phases 


of this program have been reported,'™ 


Rece ed 
The material in this paper represents a portion 
the 
School of the University of Michigan by Darwin 


for publication May 28, 1956 


of a dissertation submitted to Graduate 
\lonso in partial fulfillment of the requirements 
for the de gree of Doctor of Philo ophy 

addre 


* Present Department of Microbi 


ology, University of Colorado Medical School, 

Colorado 
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resistant guinea pig ] 
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RESISTANCE OF GUINEA PIGS 


LATS 


TS ON GLYCOLYSIS AND OXYGEN 


AR LEUCOCYTES 


NGESTER 


of Mix higan Ann Arbor Michiga 


METHODS AND MATERIALS 


leucocytes were obtained 
from guinea pig and rat peritoneal exudates by 


and Am \naerobi 


acid production and oxygen uptake by k 


Pols morphonu le i 


the method of Nungester 
ucocy te 
conditions of the 
Warburg re 
Umbreit, Stauffer and 
tablished 


under various experiment 


were measured on the pirometer « 
sentially as outlined by 
Burris.® 

with a mixture of 5% CO 


uptake 


Anaerobic conditions were « 


and 95% N,. Oxygen 
measured in an ai 


found 


satisfactory in 


was itmo phere. 


Marifielarena’ the use of similar tech- 


niques tudying the metabolism 
of leucocytes 

Leucocyte suspensions were standardized by 
the cells 
following the 


From a series of replicate 


counting number of with a Spence 


bright-line haemocytometer con 
ventional procedure 
counts, using two pipettes and two chambers for 
each count, the error was estimated to be +5% 
These suspensions contained from 30 to 40 thou 
eand cells per cubic millimeter, and 2 ml of suspen 
this concentration range were 


sions of pipetted 


into the Warburg flasks for measurements of ga 
exchange. The number of leucocytes per fisal 
In thi 


maxi 


ranged between 60 and 80 million cell 

range of concentration of leucocytes, the 
mum and minimum total gas exchanges measured 
were in the order of 400 and 75 cmm, respectively 
Replicate gas exchange measurements on aliquots 
of a leucocyte suspension gave curves falling 
Each 
was done in duplicate and repeated three times 


All the 


within a +4% range actual experiment 


group showed same 


experiments of a 


5. Nungester, W ] Ames, A. M. 1948, The 
relationship between ascorbic acid and phago 
cytic activity. ]. Infect. Dis. 83: 50-54 
Umbreit, W. W., Burris, R. H. and Stauffer, 
J. F. 1949, Second Edition, Manometric Tech 
niques and Related Methods for the Study of 

Metabolism, Minneapoli 

Publishing Co. 

Marifielarena, R 


chemical substances and bacteria on the glyco- 


and 


Tissue Burgess 
‘ 


1950, The effects of various 
lytic and respiratory activities of leucocytes 
Doctoral dissertation, Dept. of Bacteriology 


Univ. of Michigan 
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trend of cha the final stimulation or in 


hibition was in * same order of magnitude 
typical experiment from each group is given 


der result Statistical analysis of such small 


numbers could contribute but little to the inter 


pretation of the res 


ults. Since the work reported 


here i comparative study, the interpretatio 


depends on a comparison of the metabolic re 
sponses of guine: d rat leucocytes to pneu 


mococcal components or conditions established i 


pneumoc cal infection in each animal. From the 


5% error estimated in counting the cells and 


the 4 ® error imated in meast 


ring gas ex 


change | experimenta e\ror of an‘ 


1 Si! gle 


is difficult or in 

the difference betwee 
i d guinea pig leucocytes is large 
i afely be considered a true 


Michig 


infusion 


plococcus pneumoniae 

cultured in brain-heart 
was used as the test organism 
in vivo cultures were prepared from 


exudate duced by inoculati 


ntraperitoneally with 80 ml Locke 
solution 


and 0.8 ml of a 6-hour culture 
0.4 ml of culture 


olution were 


In rats 
ind 40 ml of Locke-glucose 
Phe exudate 


lation, centrifuged and the 


ot the pneumococt 
used 
s were harvested 5 hours after inocu 
filtered 

Con- 


upernates 
throug! in ultrafine tered glass filter 
trols for exy iments testing the effect of pneumo 
coccus-1 xudate were aliquots of the 
same le per ded in filtrates of exudates 
prepared but with the pneumococcus 
The exudates d ring the 
of the filtrate were kept at about 
Purified type I capsular polysaccharide (SI 
was prepared by F. C. Kull in this laborators 
method of Heidelberger, Me 
Leod Mark wit nd Roe.* The le vel of vir 
| of the pneumococcus for rats and guinea 


hecked 


iccording to the 


periodicall b inoculati 


* Nal 0.9%; ¢ if 0.0429, 
NaHCO - glucose, 1.0% 
5 Heidelberger M MacLeod ( 


witz, H 1950, Improved 


ROzZ ] 
0.0 os ce, 


ind Ry ‘ 
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1 to 100 
Ti 18 to 
under 


10° 


/ The eff le fi invivo pneu 


l here was a marl ed 


mococcus culilure 


difference between the effect of filtrates 


of homologous in vivo culture pneu 
mococci on gly ( oly sis by rat 

pig leucocytes as shown 
plot of these results ts shown in fiwure 
Glycolysis by guinea pig leucoeyt 


suspended in filtrates of homologou 


pneumococcus induced exudates “ 
stimulated by 61% at 90 minutes and 
f 


this dropped to 54 ( 
Rat 


it 150 minute 


leucocytes, on the others hand 
showed a slight stimulation of 7% at 35 
minutes which dropped to an inhibition 
Measurement 


ol 30% it 150 minute 


of the same activit ind under the same 
conditions but with glucose added to a 
concentration of 0.01 Mf showed i paral 
lel effect but the 


difference between 


the effects on rat leucocytes and guinea 
from a stimu 


glycol 


pig leuc ocvtes was less 


lation of 18% at 15 minute 


TABLE 1 
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Temp. 537 C; pH 7.8 








wo 


Controls 


. Seno 


0 ed 


Minutes 


Filtrete of in vivo pnewmococcus culture Quend 


Fic, 1 The effect of filtrates of in vivo culture 


and rat ke 


pig wocy te 


bh yuinea pig leuc oc’ tes dropped slowly 


so that total glycolysis was equal to 
that of the Rat 


leucocytes showed an inhibition of 9% 


control at 135 minutes 
ind this increased to 20% at the same 
time periods. Similar experi 
added 


stimulation of 


respective 
sub 


ments with pyruvate as a 


trate resulted in a 21° 
effect of filtrate 


4 1 he 


and rat leucocytes 


LABLI 
wouh 


0.01 M glucose 


Test? 
CO 


cell 


65 
«? 


s of virulent pneumococcus on g 


of in vivo cultures of pneumococcu 


elucose or pyruvate as 


glycolysis by guinea pig leucocytes at 
135 minutes, the end of the experiment 
At rat 
leucocytes was depressed by 25%. The 


results of the experiments with glucose 


this same time, glycolysis by 


or pyruvate as added substrate are sum- 


and the results with 
) 


marized in table 2, 


pyruvate are also plotted in figure 


on glycolysis by guinea pig 


added substrate (temperature 37 C, pH 7.8 


0.01 M pyruvate 
Percent 
difference 
from 
control} 


18 
9 
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Tesp. 57 C; pH 7.8 


Guinea Pig 


cells 


6 


cam CO, per 10 
* 











7 


60 120 


a — 7 
Qo 60 120 
Minutes 


Control - Filtrate of Locke-glucose~induced exudate with 0.01M pyruvate @uuuum@ 


Filtrete of in vivo pneumococcus culture with 0.01M pyruvate 


Lhe eftect of filtrate 
VW pyr ite a 


olin vi 
with 0.01 idded bstrate 


Abels et al’ 


pyruvic 


were unable to demonstrat 
acid decarboxylase in leukemic 
and normal human leucocytes. These 
authors demonstrated the conversion of 
acid However 


pyruvate to lactic 


\lonso'® 


boxylase activity in rat 


observed endogenous decat 


ind guinea pig 


leucocytes which was stimulated to a 


great extent by exogenous pyruvate in 


the case of guinea pig leucocytes, and to 
a very small degree in the case of rat 
leucocytes 


the 


Mever and Levene"! demon 


strated production of lactic acid 


from glucose by dog leucocytes. Presum 


ibly this took place via pyruvate 
Jones, F. L., Craver, L. F. and 
P. 1944, The metabolism of py 

normal and leukemic 
4: 149-152 

195? 


Rhoace 
ruvate b white cel 
Cancer Res 
Alonso, D 


metabolism of leucocyts 


Doctoral 


\ comparative study of the 
from guinea pig 


Dept ot 


dissertatio I 


of Michiga 
Meyer, G. M 
glucose | B 


1912, The 


vo culture of pneumococcu 


Qe) 


on glycol 


Hihea pip le 


However, the degree of action of leuco 


cytes on exogenous pyruvate could de 
pend on the degree of permeability of 
the leucocyte to pyruvate 

both 


Oxygen uptake by cells from 


animals ‘was inhibited when 
the 
(O.01 VU) 


However, the degree of inhi 


species ol 


suspended in respective filtrates 


with succinate added as 
substrate 
bition of the rat cells was greater than 


| he re 


summarized in 


that of guinea pig cells ults of 
this experiment are 
table 3 

2. The effect o purified type / capsular 
bolysaccharide S/ This 


different 


substance 


had a markedly effect on gh 


colysis by rat and guinea pig leucocytes 


The 


show 


table 4, 


SI stimulated glycolysis 


results, summarized in 
that 1% 
by guinea pig 
glycolysis by rat 


ulated by 139% at 


\ concentration of 0.1% SI stim 


leucocytes by 8%, while 


leucocytes was stim 


the end of 60 min 
utes 


ulated glycolysis by guinea pig and rat 


leucocytes by 8 and 41%, respectively 
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TABLE 3.—The effect of filtrates of in vivo 
cultures of virulent pneumococcus on oxygen 


uptake by leucocytes with sodium succinate a 


added substrate (te mperature 37 ¢ pH 7.8) 


Control* 
emm O; 


Testt 
emm O, 


Percent 
difference 
from 
10 cells 10 cells controlt 
Cruinea pig 0.26 
at 0.30 


0.22 is 
0.25 17 
0.52 


Guinea pig 0.0 
} 0.53 


Mat 0.68 


0.75 


Csuinea pig 0.86 
Rat 0.79 


0.98 


(,uinea pig 1.07 
Rat 1.19 


0.94 
0.95 


* 1 t See footnotes, table 1, 


In another experiment, the effect of 
0.1% SI on glycolysis over a longer pe 
riod of time was observed, and the re 
It will 
be noted that the stimulation of glycolv- 


sults are summarized in table 5 
sis by guinea pig leucocytes at 60 min 
utes is 1% and that of rat leucocytes is 
41% the 


values obtained in the previous experi 


, Which are comparable to 


ment (table 4). The rates of glycolysis 
over a 4.5-hour period were calculated 
the table 5. Figure 3 
the obtained the 
plotting of the rates of glycols sis. The 
the Sth 
from the 4.5-hour value. 
the 
action of SI on guinea pig and rat leuco- 


from data in 


shows 


curves from 


rate for hour was estimated 


These curves 
clearly demonstrate difference in 
cytes. The rate of glycolysis by guinea 
pig leucocytes gradually increased over 
that of the control during the entire 4.5 
On the other 


hours of observation 


TABLE 4 
and rat leucocytes 


Control* 
COs 


Time in mir 
alter additi« 
of? 


Source of cmir 
leucocytes 


10° cell 


Guinea pig 0.53 
Rat 0.21 


C,uinea pig 1.05 
Kat 0.41 


* Leucocyte n Ringer- NaHCO, solutik 


t Difference from control as percent 


The effect of purified type I capsular polysaccharide (SI) on glycolysis by 
in a I-hour period (temperature 37 C, pHi 7.4 


Plus SI 1% 
emm CO 
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TABLE 5.—The effect of purified type I capsular 
polysaccharide (S1) on glycolysis by 


pig and rat leucocytes in a 


uined 
4.5-hour 
period (temperature 37 C, pH 7.4 


Plus SI 
0.1° 


Time in cmm 


minute 


Guinea 


Rat 


Cruinea 


Rat 


Guinea 


Rat 


(,uinea 
Kat 


Cyuine 


Rat 


Cuines 


Rat 


(,uinea 


Rat 


C,uinea pi 
Rat 


*-+ See footnotes, table 4 


hand, SI strongly stimulated glycolysis 
by rat leucocytes in the early period and 
then the rate of glycolysis decreased 
sharply so that it was equal to that of 
the control at about 170 minutes. From 
of glycolysis con 


than 


this point the rate 
tinued to drop at a greater rate 
that of the control. 

3. The effect of molecular component 
of SI on glycolysis by guinea pig and rat 
leucocytes.--The components of SI are 
galacturonic acid and either glucosamine 
and acetyl, or acetv|lglucosamine. There 
are conflicting reports in the literature 


as to how the acetyl is combined with 


uinea pig 


Percent Plus SI 1 Percent 
difference mm CO, difference 
from from 
10° cells controlt 108 « trolf 
0.58 0.57 6 
0.58 i 0 43 


1.13 1 8 
0.97 0.58 41 


ontrol in cmm 
x 100, 


in comm 
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GUINEA PIG 


Q 
on 
** 
4% 
4, 
"ty 
*, 
“RR, 


%* 
"", 
* 
* 


cells 


6 


per hour per 10 


4 


cmm CO> 
o 








o 





s 


300 60 
Time in minutes 


lControk —— 
2. 0.) percent Sl added Orrmmno 
Change in rates of anaerobi- ac id production b guinea pig and rat le swith 0.197 


occus SI in a Ringer-bicarbonate suspending medium. Temperature 37 pH 7.4 


the rest of the SI molecule.’’~" The re samine and galacturonate, D-gluco 


sults obtained with intact SI indicated samine-HCIl had a _ strong inhibitory 


that the effects of the various com effect on glycolysis by both guinea pig 
ponents of this substance should be in and rat leucocytes. With cells from both 


vestigated \lpha-D-Na-galacturonate species of animals the inhibition was 


was prepared from alpha-D-galacturonic quite high at 15 minutes and dropped 
iid by neutralization with 0.1 N somewhat in the case of 


J guinea pig 
NaOH. Sodium galacturonate in 0.1 


leucocytes and increased slightly in the 
ind 0.5% concentrations had but a case of rat leucocytes. The results ob 


light stimulatory effect of glycolysis by tained with glucosamine-HCl are sum 


either rat or guinea pig leucocytes marized in table 7 
Similarly, glycolysis by these cells was 


j 1 ‘ DISCUSSION 
slightly stimulated by N-acetylgluco 


samine. The results are summarized in The type and level of activity of en 

table 6. In contrast to N-acetyl gluco zymes ol phagoc ytic cells whose sub 

strates are bacterial products or com 

1951, Textbook 

Mu a ponents would be of importance in the 
icmilian ‘ 


Hibbert. H. 1946. Bas early phases of infection. A lowering of 
ial pol) har \dvances in Carbo the efficiency of the metabolic reactions 
lrate Chemistry \ : ol these cells concerned with the yield 
demic Press, pp. 204-255 ng of energy would impair their ability 
grown, R. 1939, Chemical and immuno 


to phagocvtize and dispose of invading 
logical studies of the pneumococcus \ The ' I 


soluble specific substances of Types I-XX XI organisms The results of the experi 
J. Immunol. 37: 445-455. ments reported above using filtrates of 
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LABLE 6 


Alpha D-galacturonate 


ontrol*® 0.1%* 


/ Percent 
mm CO emm CO 


difference 
from 
10* cells 10° cells controlt 
0 0.20 5 
Kat 0 0.25 9 


(,uines ‘ 0 


Kat 0 


0.43 2 
0.43 7 


Cruine 0 
Kat 0 


0.62 
0.68 


(,uinea pig 0.84 
Rat 0.84 


in vivo cultures of type | pneumococcus 


how a marked lowering of the glycoly 


Similar 
filtrates from the in vivo cultures of the 


tic activity of rat leucocytes 
organism in the guinea pig stimulated 
the gly olytic activity of guinea pig leu- 
cocytes. This difference in effect on the 
leucocytes from the susceptible and re 


sistant when 


animals was also evident 
either glucose or pyruvate was added as 
substrate. Analysis of the two different 
filtrates would have to be made to de 
the 


produced in 


substance or substances 
that 


sponsible for the effects observed 


termine 


each case were re 


The 
differential effect of SI on glycolysis by 
rat and guinea pig leucocytes may be ex 
plained by a difference in the rate of 


hydrolysis of SI and the subsequent ob- 


Pane 7.--The effect of D-glucosamine hydro- 


chloride on glycolysis by guinea pig and rat 


7 C, pH74 


leucoc vl le m perature 


oo1 M 


— Percent 


difference 
from 
ywntrolt 


samine 
Hel 


mm CO 


Control* 
comm CO 


10* cell 10 cells 


Guinea pig 0.50 0.0 
Rat 0.25 ott 


Ceuinea pig 1.06 0.23 
at 0.64 0.24 


Guinea pig 5 
Rat 45 


Cruinea pig Z 45 
Rat 


footnotes, table 


emm COs 
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The effect of alpha-D-galacturonic acid and N-acetylglucosamine on gi 
and guinea pig leucocytes (temperature 37 C, pH 7.4 


N -acetylglucosamine 
Percent 
difference 
iron 
controlt 


0.5%* Percent 
difference 
from 
controlt 


Control* 0.1%* 
emm COs mm CO 


10° cells 10° cells 10* cells 


24 15 0.59 0.57 5 
23 0.57 0.63 11 


47 0.97 1.02 5 
1.03 1.07 4 


44 50 
44 49 


89 
a4 


that inhibits 


glycolysis by leucocytes from both spe 


servation glucosamine 


cies of animals. If the rate of hydrolysis 
of SI by 
possible that initially acidic groups are 
the 
of SI, which would account for 


rat leucocytes is high, it is 


released from galacturonic acid 
moiety 
the increased CO, release from the bi- 
carbonate buffer. The continuation of 
this hydrolytic 


the 


process could result in 
release of glucosamine, which at 
some point would reach an inhibitory 


The 


then be that observed in the experiments 


concentration. net result would 
testing the effect of SI on rat leucocytes 


over a 270-minute period. A low rate 
of hydrolysis of SI by guinea pig leuco 
cytes would explain the low order of 
(CO, release from bicarbonate buffer by 
these cells. A low hydrolysis rate of SI 
would also account for the inability of 
the system to achieve an inhibitory con- 
centration of glucosamine. It must be 
added that to our knowledge no direct 
the 


leuco ytes has been reported. No defi- 


evidence for hydrolysis of SI by 
nite conclusions can be reached regard 
ing the contributions of the metaboli 
differences between rat and guinea pig 
leucocytes to the relative resistance of 
these animals to type | pneumococcus. 
However, it is suggestive that in a num 
ber of conditions to which the leuco 
cytes were subjected, the metabolic ac 
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tivities of rat leucocytes measured were 


considerably lowered by various sub 


stances which are definitely or possibh 
type ] 


these 


associated with pneumococcus 


infection, while 


ol 


stimulated o1 


same activities 


leucocytes either 
affected. 


lowered 


guinea pig were 


not These con 


ditions which rat leucocyte 


metabolism could contribute to the low 


resistance ol rats to type | pneumo 


coccus infection. 


SUMMARY 


1. Filtrates of in vivo cultures of 


pneumococcus cultured in the 


the rat 


type | 


peritoneal cavity of markedly 


inhibited glycolysis by rat leucocytes 


Similar results were obtained when glu 


cose or pyruvate was added as sub 


Filtrates of 


the guinea pig stimulated gly 


strate. similar in vivo cul 
tures 1n 
colysis by guinea pig leucocytes under 
the same conditions of testing. Oxygen 
uptake by rat or guinea pig leucocytes 
inhibited 


trates with succinate added as substrate 


was by the homologous fil 


The inhibition of the rat leucocytes was 


twice that of guinea pig leucocytes 


2. Glycolysis by rat leucocytes w 


is 
a short period of time 
by SI 


for 
inhibited 


stimulated 


and then purified 
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Guinea pig leucocytes in a similar sys- 
tem showed a small and continuous in 
rate of CO 

No 
guinea pig leucocytes was observed 

of Sl, 


had a slight stimulatory effect on gly 


evolution over 
ol 


crease in the 


that of the control inhibition 


3 (salacturonate, a moiety 


colysis by rat and guinea pig leuco 


cytes. N-acetyl glucosamine, possibly al 
of SI, had 


effect on glycolysis by rat 


moiety a slight stimulatory 
and guinea 
pig leucocytes. Another possible moiety, 


markedly 


colysis by rat and guinea pig leucocytes. 


glucosamine, inhibited gly 
An explanation of the initial stimulation 


by 


rat leucocy 


followed inhibition of glycolysis by 
tes with SI is proposed on the 
high SI 


time established 


basis of a hydrolase activity 


which with an inhibi 


tory concentration of glucosamine \ 


low SlI-hydrolase activity b guinea pig 
leucocytes is suggested as an explana 


tion of the small continous stimulation 


of glycolysis by guinea pig leucocytes in 


the presence of SI without ensuing in 
hibition. 
4. It 


ment of the metaboli 


that the 


functions of 


1s suggested impait 
rat 
leucocytes by the pneumococcal sub 


be a 


resistance 


stances tested ma\ contributing 


factor to the low ol rats to 


type | pneumococcus infection 





STUDIES ON ACUTE RESPIRATORY ILLNESS IN NAVAL 
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[he isolation of adenovirus' (APC- was then shown to be associated with 
KI) from military recruits with acute’ the adenovirus group.* Further studies 
respiratory illness has been recently de- have emphasized the frequency of the 
scribed? The syndrome of “acute res- association of this group of viruses with 
piratory disease of recruits’ (ARD)* respiratory illness in military recruit 
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MATERIALS AND METHODS 


The present study was performed 
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Training 
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recruit population at recruits were 
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cause of the high prey 
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Medical Research Un t 


the 


Personnel from the Naval 
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to intercept all re 
sick call 

The 
een by a hospital corps 
chief 


wab for 


dure 
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regime dispensary 


cruits coming to morning and noor 


eekda ind on Saturday morning re 


‘ il wert 
orded their 


who re temperature 


ik a nose and throat 


oly tic streptococc! 


buffered medium, which w expectorated 


to 5% horse serum, was employed for collect 


y tia ophary! eal 


washings for virus isolation 
used to obtain paired 
Duri iv the 
both paired serums and naso 
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i respiratory 
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were completed 
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weeks of Phi 
paired serums were obtained for s rological tud 
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i febrile re 


ind admitted to the di 


cer during their first 6 training 


recruits admitted to the di pensar 


trom 


with 


spiratory illn 
j 


{ method 
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ved at 


rated from the clot, froze 


rece! the laboratory, the serum was sepa 


24 ¢ 


paired 


ind stored at 


\cute and convalescent specimens wert 
ind tested simultaneously 

The complement fixation test was performed 
sccording to methods previously described.’ 
HeLa cell fluid 
idenovirus was used as antigen in the compk 
ment lhe ack 
$2 ounce prescription bottles 
(40% 


was 


culture infected with type 4 


hixation test woOvVITUS antigen Wa 


The HeLa 


serum 


grown in 
cell 
60° 


and 
fully 
maintenance 
Mixture 
100 units of [pm 
\ ) 


uper 


growth medium human 


washed from 
by 
p . 


) / hors« erum ind 95% 


/ Hank s solution 


cultures and replaced 


\ll mediums contained 


nd 0.1 mg streptomycin per ml ml 


im of stock virus was used and the 


fluid 


when +++ to 


Infected 


was harvested 


cytopathogene appeared 
ted and re pl wed 
The 


heat 


fluids were harve 
daily as 
fluid 


hour 


ibsequenth 
ted 
for | 
41:10 


employed in the 


lor is cells were present harve 


, which were inactivated b 56 ( 


serveda complement fixing intiger 
dilution of antigen was usually 


An antibody 


between the acuts 


test titer rise of two tubes or more, 


and convalescent serums, wa 


terpre ted to be a significant change 
were received at the laborator 


The 


treatment } 


Na al wa hing 
hour after collection 
immedi tely 


blendor 


liquot and frozer 


within an specimen 


were homogenized by 


for 


minute divided in 1 


ind stored at 65 ¢ 

The technic used for the isolation and identi 
influc ha 
* HeLa cell tube cult 


ipped tube .) 


heation of nZza virus been described 


elsewhere ire 16 mm screw 
were employed for adenovirus iso 


added 


maintenance 


latic One-tenth ml of nasal washing wa 


three tube culture on 


Phe 


to each of 


tubs were in pected « er other 
change 
I he cy 


ped by mixing 


ml of heat 


idence ol cytopathogeni 


igh at least 14 das 


i olated were t 


of incubation to 
nic agen 


ml of supernatant fluid with 0.15 


Rosenbaum, M. J 
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inactivated type specific rabbit antiserum (in a 
1:40 dilution) and incubating at 37 C for 30 min 
utes. One-tenth ml of the incubated mixture was 
inoculated into replicated HeLa cell tube cul 
tures. The antiserum specific for the virus com 
pletely inhibited cytopathogenesis at the time 
control tubes showed advanced changes 

Ihe nose and throat cultures for the isolation 
of streptococci were obtained on dry swabs and 
streaked directly onto sheep blood agar plates 
containing 5% sheep blood. The methods for 
grouping and typing used in this laboratory have 


been previously described.” 


RESULTS 
The 


rates per thousand per week for the 10th 


respiratory disease admission 


13. Personnel of the United States Naval Medi 
cal Research Unit No. 4. 1952, 


triethylene glycol vapor for control of acute 


The use of 


respiratory diseases in Navy recruits. II. Ef 
fect on acute respiratory 


Hyg. 55: 215-229 


diseases. Am. ] 
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Che 


rates were low during the fall months of 


regiment are shown in figure 1 
1954. They began to increase in Jan 
uary 1955 and reached peaks in Febru 
ary and in April and were lower during 
the spring and summer months 
Complement fixation antibody titer 
rises for the adenovirus group in the 
paired serums from 1013 recruits who 
the 


with a febrile respiratory illness are also 


were hospitalized at dispensary 


shown in figure 1. From September 
through December 1954 less than 10% 
of the paired serums showed antibody 
titer rises. The percent of titer rises in 
creased sharply in January to 52%, 
peak of 74% the 
middle of February, and remained high 


throughout the rest of 


reaching a during 


February and 


March. During the spring and summer 


RESPIRATORY ILLNESS ADMISSION RATES 


1000/WK 


ADM.RATES 


INFLUENZA A 
a WFLUENTZA C 
=~, 
_ 
Ory (hye, —4.- 
SEP ocT NOV oEc 
1944 


PERCENT OF PAIRED SERUMS 


Fic, | \oute re 


piratory 


= [~ 


weLUENZA B \ 


| ret 
PENICILLIN 


\ 


wn ry, ag 


INFLUENZA AND ADENOVIRUS SEROLOGY 


ADENOVIRUS 


illness admissions of Navy recruits to one regimental infirmary, Naval 


lraining Center, Great Lakes, Illinois and complement fixing antibody titer rises to influenza and 
idenoviruses of men reporting to sick call, Data in the lower figure are given by the week in which the 
acute serums were collected, Each point represents a minimum of 20 serum pairs. A period of more 
than a week is covered in those instances where less than this number of serum pairs was available per 
week. 
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\ total of 40% 
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mained hig peaks ol 
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of the 1013 paired serums were 


have tibody titer rises 
Nasal 
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viruses were found in the nasal washings 
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typ adenovirus 


trough 10." 
The influenza 


types 1 


response to 
complement fixation 
is also shown in figure 1. These 
from 798 men (of the 1013 men 


referred to above) who did not receive 


erolog’ 


data ire 


fluenza vaccine in the 1954 1955 pro 


phylaxis program. There were only a 
few titer influenza 
types A (GL1148-53); B (GL1760-54) or 
( (GI_1167-54) from September through 


through 


antibody rises to 


December and from February 


\ugust 


increase tf 


During January there 


the 


was an 
antibod, 
type B. In the 
9 of 32 (28%) 
paired serums had antibody titer rise 
B antigen 


numbers of 


titer to influenza 


rises 
week ending 29 January, 
to the type Four influenza 
type B viruses were isolated from these 
The 


intigenically similar to 


men during this month viruses 


were found to be 
the (41.1738-54 typ 


Nose and throat cultures were taken 


B virus 


from men reporting to sick call, regard 
less of their complaint, for the isolation 
ol group A p 


percent ol 


hemolytic streptococe i 


the 


trains isolated were type 19 


group A 
Strepto 


Ninety eight 


coccal isolation rates reached a peak 


towards the end of February, at which 
time about 48% of 
positive. ‘The declined 
rapidly when a 10-day period of 250,000 


units 6.4.d. of oral penicillin was given. 


the cultures were 


isolation rates 


When the isolation rates increased again 
in April, another 10-day period of peni- 
rhe 


recovery rates of streptococci were again 


cillin prophylaxis was instituted 
reduced and remained low for the rest 
of the High 
A streptococc! 


year isolation rates for 


group were 


the 


present in 
call 


whose primary complaint did not in 


personnel reporting to. sick 


volve the upper respiratory tract during 


Grayston, |. T., Loosli, C. G 
B., Smith, M. E 
Neutralizing 
body re 
Infect 


, Johnston, P 
and Woolridge, R. L. 1956 


ind complement fixing anti 


adenovirus infection, | 


Dis. 99: 199-206 


ponse to 
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periods when streptococcs were 


lent 


DISCUSSION 


Except for one week in January ther 
is little evidence that influenza viruses 
were associated with respiratory illness 
(creat 


of recruits at Lakes during this 


study. A considerable amount of illness 
was associated with 8 hemolytic strepto 
cocal isolations. Penicillin prophylaxis 
reduced dispensary admission rates and 
isolation rates for streptococci. It 
that all 
virus were associated with febrile respit 


The 


carried out on recruits at the dispensary 


Was 


observed isolations of adeno 


atory illnesses. isolations were 


and virus isolations were made from 


over 50% of the admissions as com 
pared to less than 10% of the men not 
admitted, From this it may be inferred 
despite the many administrative factors 
entering into decisions to admit, that 
adenovirus was associated with the rela 
tively more severe upper respiratory il! 
nesses. It is of interest that the 26 men 
complement antibody 


showing fixing 


titer rises to adenovirus from whom 


virus was not isolated experienced con 
siderably less subjective illness. It is 
possible that adenovirus isolations can 
technically be best made when more 
severe illness is present, or it may be 
that 


their 


some of these recruits suffered 


adenovirus infection before or 
after the nasal washing was obtained 
but blood 


drawn. Hilleman and associates®*® have 


before the convalescent was 
reported that a significant percentage 
of recruits showing complement fixation 


antibody titer rise against adenovirus 


have not complained of upper respira 


tory illness. 

In the year preceding these studies at 
Great Lakes, type 4 was the only adeno 
virus isolated.’ Likewise, type 4 has 
been the only adenovirus recovered dur 
ing the fall, winter and spring of 1955 
56. Thus, the appearance ol types x & 





RESPIRATORY 


and 7 during the fall and winter of 1954 
55 is unusual as far as three years ex 
The 
high respiratory admission rates during 
and 1955 


unique lor 


perience is concerned. continued 


the spring summer of 
the Recruit Training 
ikes. As the 


above data indicate the high prevalence 


was 
also 
Command at Great | 
of respiratory infection during this pe 
riod of time was due to adenovirus type 
4. As has been the previous experience 
at Great Lakes, others®’.* have found 
a marked decline in respiratory disease 
in military personnel during the sum 
mer months 


that 40% of 1013 
hospitalized with febrile respiratory ill 


The finding men 


ness had serologic evidence of adeno- 


virus infection cannot be interpreted 
that each of these men’s symptoms were 
due to adenovirus. This is particularly 
true in this study because no compara 
ble and extensive serologic testing was 
done in nonhospitalized recruits. How 
ever, the data from the 280 men 


with the 


ilong 
ccumulating evidence in other 


udies’ suggests the possibility 
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that adenovirus infection caused a size 
ible and serious amount of morbidity in 


the military recruit populatios 


SUMMARY 


Naval ikes, [lh 
nois, who were admitted to the dispen 
febrile 
the year 


recruits at Great | 


sary with respiratory ill 


ute 
ness during from September 
1954 to 1007 
complement nxing intibody titer rise t 
Serologi 


August 1955, showed a 


adenoviruses il evidence of in 
fection by influenza, on the other hand, 
\denoviruses 
i feb 


ilmost all of 


was found infrequently 
were isolated only from men with 


rile respiratory illness, 


whom had complai its of a sore throat 
Fifty of the 67 


idenoy rus isol itions 


were from 95 were ad 


a febrile 
other 17 


recruits who 


mitted to the dispensar\ with 


illness while the 
from the 185 


though ty pes ; 4 


re spiratory 


came not admitted \l. 


ind 7 were found 
ind 7 


sible lor the 
Iz ites ol 


during the ye ir, type | were pre- 


dominately respo! adeno 


viru inflections respirator 


illness admissions remained relativel: 


high 


idenoviru 5 


during the summer months and 


type 4 isolations, along with 


serological titer rises to adenovirus, cor 
tinued throughout the summer Phe 
data prese! ted suggest that the adeno 
viruses and 8 hemolyti 


the 


aire ptococ 
majority of the ore 


illine “4 | the ‘\ i\ 


CALM seyvere 


respiratotr il recruit 
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Lhe 


viruses,’ APC? or RI,’ associated with 


recently discovered adeno- 


upper respiratory and other infections 
are related because of a common soluble 
antigen as demonstrated in the com- 
plement fixation test. With the neutrali- 
zation test they have been separated 
into at least twelve types.‘ In order to 
learn more about the epidemiology of 
the 


associated with specific types, interrela- 


these viruses, clinical syndromes 
tions among types, and the response to 
vaccines, it is necessary to do neutraliza 
tion tests 

The neutralization test originally de- 
Werner’ and 


scribed by Hilleman and 


1956 
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Exper 


Exper 


by Rowe and associates’ consists of 
adding the serum and virus combination 
to HeLa cell tube cultures which have 
been grown out to a sheet of cells ana 
washed free of human serum. Neutraliz 
the 


cytopathogenesis by 


ing antibody in serum prevents 
the lhe 


amount of antibody is reflected in that 


virus. 


dilution of the serum which prevents 
cytopathogenesis when the control tubes 
show advanced changes. This technique 
this lab 
the 


test is time consuming and difficulties 


has been used successfully in 


oratory and elsewhere. However, 
have been encountered.** Some of the 
factors causing difficulty in the neutrali 
zation test are (a) the apparent varia- 
tion in susceptibility of HeLa cell cul 
tures to the stock adenoviruses, (b) the 
toxic effect of some human serums on 
HeLa cells, and (c) the determination of 


the time for reading the test. With re 


spect to the latter problem the adeno 


viruses readily tend to break through 
the neutralizing effect of the antisera 
the the 


depends on an arbitrary time of reading 


Thus, determination of titer 


Eenders’ has discussed this problem of 


Rowe, W. P., Huebner, R. J., 
W., Ward, T. G. and Parrott, R. H 
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“break-through” in reference particu- 
larly to poliomyelitis virus* and con 
cluded that arbitrary end points in time 
should be used. 

In the 


in this 


neutralization described 
the and 
Hela cells are added to culture tubes 
at the time. The 
within 24 to 48 hours. In 


period of time the adenovirus antigen 


test 


report, serum, virus, 


same test is read 


this short 


causes typical cytopathogenesis while 


sufficient antibody prevents cytopatho- 


genesis and allows normal growth of 
HeLa cells to take place. 
test 


This neu 
the 
difficulties encountered in the test em 
ployed by 5.6.6 particularly that 


of “‘break-through.’’ Considerable time 


tralization obviates some of 


others, 
ilso is saved by this simplified procedure 


and 


demonstrated. 


excellent repeatability has been 


MATERIALS AND METHODS 


HeLa cells and mediums The HeLa cell line 
used in this method was obtained originally from 
Syverton in 


Dr. Jerome 7 1953 and has been 


maintained in this laboratory since that time 


This line now grows readily in culture medium 
to which either human or horse serum has been 
idded. The stock cultures of 


grown in 


HeLa cells were 
10% 


im. For the test, Eagle’s medium with 


* medium 


Eagle's containing 
humart set 
10% horse All mediums con 
tained 100 units of penicillin and 0.1 mg of 


tomycin per ml 


~ rumf was used 


trep 


RI-67 1 


obtained from Dr 


1denoviruse The irus (type 4 adeno 
Maurice R. Hille 


adenovirus prototype ! 


Robert J. Hueb 


ri was 
Nall The 


through 10 were supplied by Dr 


remaining 


ner 


Preparation of virus antigens.—-Stock HeLa 
t Obtained Microbiological 

Inc., Wa hingtor DD. ¢ 

& Ledinko N.a id Melnick ] L 


in tissue culture. \ 


from A ssc late 
1953, Polio 
mvelitis viru Reaction of 


virus and antibody; variables of the quanti 

neutralization test. Am. J. Hyg. 58: 
23-247 

9. Eagle, H. 1955, The 
quirements of a humar 
HeLa) in tissue 
37-48, 


tative 
peciiic amino acid re 
carcinoma cell (stra 
Med. 102 


culture. J]. Exper 
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cell cultures grown in 32 ounce prescription 


bottles were washed twice with maintenance 


medium (Eagle's medium with 5% horse serum) 


to remove the human 


serum. Maintenance 


medium was then added and the cultures in 
oculated with approximately 5 ml of stock proto 
After 


changes (+++) had 


type virus moderately advanced cyto 


pathogenic occurred 
(usually in 2 to 3 days) the fluids were harvested 
and replaced daily. The material from each day's 
harvest was frozen. Usually three or four daily 
yields of 25 ml per bottle were obtained. When 
several hundred ml were available the material 
thawed, 


Waring blendor 


centifuged to remove large particles 


was homogenized in a 


pooled and 
The homogenized material wa 
The super 
nate was divided into | to 5 ml aliquots and re 
tand 7 


40 C have shown no loss of titer over 


frozen. Stock antigen pools of types 3, 
stored at 
a period of | year. Other adenovirus types have 
shown no variation after 6 months storage 
Rabbit antiserums Type specific antiserums 
were prepared by ino ulating intr ivenously rab 
bits with 10 ml of a given type of adenovirus fol 
lowed by the intraperitoneal inoculation of 10 ml 
of the same antigen one week later. The rabbits 
were then bled 1 month after the first injection 
HeLa cell suspensions for test 
day-old stock 


Five- to seven 
HeLa cell cultures were washed 
twice 


0.5% trypsin in Eagle's 


with maintenance solution, after which 


medium was added. Af 
ter 30 minutes of incubation the resulting cell 
suspension was centrifuged and resuspended in 
with 10% horse serum. The 


Eagle's medium 


number of cells in the suspension was deter 
mined by direct count in a hemocytometer cham 
ber. The cell suspension was then adjusted to 
give the desired concentration of approximate! 
100,000 cells in 0.7 ml 

Virus 


antigens for the test The amount of 


idenovirus of each type employed in the test 


was that amount without excess 


which produced 
100.000 


with the 


Hel i cell 


cells under the conditions of the test 


topathogenesis in tubes of 
when inoculated together 
This amount 
was determined by 


each stock 


making twofold dilutions of 
virus to find that dilution causing 
about 50% cytopathogenesis. A 0.5 logis stronger 
dilution of the stock was then employed in the 
test. The dilution of the stocks of the ten adeno 
virus types prepared for these studies which met 
1:2 to 1:30 


Virus controls containing the amount 


the above definition 


varied from 
used in 
the test and a 0.5 logis dilution of that amount 
were included in each run 

Procedure of the test.-‘Serums to be tested wer« 


inactivated in a water bath at 57 C for 30 min- 
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utes. The following serum dilutions prepared in 
Eagle's medium were usually employed: 1:2, 
1:4, 1:8, 1:32, 1:128, 12512. 0.1 
dilution was used in each tube.* One tube per 
Serum 


serum 


ml! of serum 


serum dilution was employed controls 
the 1:2 


Known specific rabbit antiserums were included 


were tested only at dilution 
as positive controls for each type of virus antigen 
After the added to the 


tubes 0.2 ml of the virus antigen was added with 


serum dilutions were 


a Cornwall pipette The tubes were shaken and 
mixture was allowed to stand at 
Sever 
mil of the HeLa call suspension containing 
100,000 added 


rapidly to each tube containing the serum-viru 


the serum-viru 


room temperature for 30 to 60 minutes 


tenths 


ipproximately cells was then 


mixture with an automatic pipette (Brewer 


The total volume in each tube was thu 


to 1 ml 


brought 
The caps were 
47 ¢ 


then replaced and th 


tubes incubated at The tubes were placed 


at about an 8 angle, slightly greater than the 


usual 5° in order to facilitate concentration of 
the cells 
lest kach 


observed with the microscope under low power 


Reading the tube of the test wa 


magnification after incubation for 24 to 48 hour 
Readings at two days rather than at one day were 
preferred because the HeLa cells had formed more 


confluent sheets which allowed easier determi 


nation of the percentage of cytopathogene is.7 


Each tube was graded as showing none or from 


+ to +++ + cytopathogenesis. These symbol 
were interpreted to represent cytopathogene s! 
+ =1 to 25% of the cells; + 

to 50%; +++ <51 


100% 


as follows 


to 759, 


oT TT FT 


Examples of nor and +4 


18 hours under 


e, +4 
cytopathogenesis at the condi 
tions of the test are shown in figure 1 


The end point of the test was con idered the 


* For 


nunaber ol 


convene nce w he preparing i large 


imple to be tested the tube 


“ru 


containing the serum dilutions may be tored at 


tC for 


test 


it least one week before perlorming the 

Pyrex screw 
and 64 place rach 
The rack 


Screntifi 


without effecting the result 


cap test tubes (16125 mm 
with spring holders were employed 
from the 
Philadelphia 
t Although the tube 


cult to read 


were obtained Drummond 


Company Pennsylvania 

‘were somewhat more dif 
after 24 hours it was frequent! 
helpful to be able to divide the reading of a large 
the first and No dif 


titer 


run between second day 


ference was found between one 
presumably the 


of normal HeLa cells balanced the in 


day readings because multi 


plication 
creased viral cytopathogenesis. Positive serum 


and virus controls were always read on both day 


ind two 
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greatest serum dilution allowing normal growth 
of the HeLa cells and no more than + cytopatho- 
genesis. When fourfold serum dilutions were used 


and the 


- or 


first tube showing cytopathogenesis had 
+ ++ changes, the end point was take: 
is twofold less than the serum dilution in that 
tube. The titer was then expressed as the recipro 


cal of the original serum dilution 


RESULTS 


Development of the neutralization pro 


cedure.—In evolving the neutralization 
procedure described above it was neces 
sary to determine the optimal number 
of HeLa cells and the optimal strength 
of virus antigen. The interrelationship 
of these two factors is brought out in 
the experiment shown in table 1. In 
this test varying amounts of type 3 
adenovirus were titrated with increasing 


HeLa cells 


that in the tubes containing the highest 


numbers of It can be seen 


concentration of virus there was 


+ + 
tubes with 1,000,000 HeLa cells. As the 


amount ol 


++ cytopathogenesis even in the 
virus was diminished there 


was less cytopathogenesis. In those 


tubes inoculated with 1:31.6 dilution of 
type 3 adenovirus there was from + +4 
cytopathogenesis with 31,600 cells to 
no cytopathogenesis when mixed with 
1,000,000 cells. 

100,000 HeLa cell inoculums in 1 ml 
total volume were chosen for the routine 


test because this number provided 


enough cells so that the degree of cyto 
pathogenesis could be determined both 
ifter 24 and 48 hours. Figure 2 shows 
number of 
cylopathogene 

of type 3 adeno 
and cells were inoculated 
together and read 24 hours lat 


TABLE 1 The relationship of the 
HeLa cells to the de gree of 


caused by different amounts 


us when virus 


Number HeLa 
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Photomicrogr iph o yrowth of the HeLa cell line emplo ect in the eutra 
ocul 41.000 cell ] yl m containing 10% horse 
TOO OOD ¢ 
416.000 « 
| jane ed with | wal ‘ ‘ /- ‘ ad light! vith hematon 


«110 
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Lt Tit f type J adenovirus against lype sf 
100.000 H ber tu lhe serum, virus and cell 


time and cylopathogen 


ys with three dit ing titer was shown tor the other adeno 
cell inoculums, The virus types. Therefore, in order to pro 
ll sheet resulting from the vide a sensitive test, that dilution of 
100,000 cell inoculum can be seen in stock virus without excess virus Causing 
igure 2b and contrasted with scattered ye age <a> «ae f y topathogene sis under condi 
islands of cells seen in figure 2a with a tions of the test was employed as antigen 
31.600 cell ino ulum and the thick It can also be seen in table 2 that the 
la ls in figure 2c following a 0.5 logy dilution (1:31.6) of the optimal 
316,000 cell inoculum intigen strength caused + + cytopatho 
\ iriOous SLOK k ice novVIrFUusesS were yenesis in the control tube ) Phi rela 
titered i the presence ol rabbit type tionship between the optimal concentra 
specific antiserums and known positive tion of virus antigen and its 0.5 logy 
human serums in order to determine dilution was demonstrated for each 
the optimal amount of virus antigen adenovirus type and provides the basis 
for the test. Table 2 presents an exam for titration of stock virus antigen de 
ple of such a box titration of adenovirus tailed in the section on Materials and 
type 3 against its type specific rabbit Methods 
antiserums. It can be seen in this table In table 2 the serum neutralizing 
1:10 dilution of the stock virus — titer obtained with the 1:10 dilution of 
highest dilution still giving virus antigen could well be taken as 
cytopathogenesis in the con 512, the highest dilution completely 
trol tubes. The higher concentrations of preventing cytopathogenesis. However, 


virus antiget 1:3.16 and 1:1) also’ the next fourfold serum dilution tube 


g 
roduced ++ +. cytopathogenesis ii (1: 2048 showed some evidence of 
| | 


the control tubes.* However, these neutralization as indicated by a ++ 4 
dilutions of antigen reduced the neu cytopathogenesis reading. It was de 


tralizing titer 16 and 128-fold from the cided to interpolate the end point in the 


titer obtained in the 1:10 dilution of case of fourfold serum dilutions to that 
virus. A similar relationship of excess titer twofold less than that tube show 
viral antigen reducing serum neutraliz ing partial (++ to +++) cytopatho 
ven when virws was present le considerabh: genesis, in this case to 1024. The validity 


. , 
cee of the amount nece il to produce ol suc h interpolation Ww s confiirmed by 
+ cytopathogenesis of HeLa cells some running twofold dilutions with serum 
1 cell tl hed to the glas irtace samples yiving i vVariet ol positive 
formed grape-like clusters with nuclear ab 


typical of cytopathoge esis due to 


titers Thus, the serum titers assigned 
to the results obtaine table 2 were as 
The rr production typical of 0 1 esu Oval ed in ible vere a 
wth also occurred when exces follows: with the 1:1 dilution of virus, 

8; with the 1:3.16 dilution of virus, 64 
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of repeated neutralization tests with rabbit type specific antis- run 


using two different techniques 


Number of runs with the following neutralizing titers 


256 


6 
7 
La) 
9 
10 


*A 
HK 


alter Hilleman and Wer 


ribed ir 


neutralization procedure 


neutralization procedure de this paper 


ind with the 1:10 dilution of virus, 1024 
Rabbit Rabbit 
specific antiserums against adenovirus 


antiserums type 


types 1 through 7 had been tested at 


least twice with the neutralization tech- 
Hilleman Werner.’ 


hese same serums plus types 8, 9 and 


nique after and 


10 have now been tested several times 
with the technique described in this 
Table that the 
obtained with the two techniques fall 


paper 3} shows titers 


in the same general range Types 2 


TaaLe 4 


5i2 1024 


through 7 tended to have titers of 512 
while types 1, 8, 9 and 10 were 64 or 
128. Types 3, 4 and 7 have been run six 
to ten times with the newly described 


technique with a range of titers no 
greater than fourfold (one tube 
Human serums from adenovirus infec 
Paired serum samples were avail 
53 


respiratory illness and having an adeno 


lion. 


able from persons suffering acute 


virus isolated from their upper respira- 


tory tract.’® Neutralization titers had 


Studies of the repeatability of results using the neutralization technique afier Hilleman and 


Werner.* Results tabulated include 395 repeat determinations of neutralizing antibod) 


titers with types 3, 4 and 7 adenovirus antigens in both acute and convalescent 


serums from 53 persons suffering an acute respiratory infection and having 
an adenovirus isolated from their upper respiratory tract, 


Titer on 
repeated 


run 16 


<8 


Serum neutralizing titer on first run 


$2 64 128 
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g the neutralisation technique described in this paper 


tabulated include 531 repeat determinations of neutralising antibody titers with adeno 


" iubec 
1 type 
} i 


uffering 


viru 


been ind 


determined against t pes 3,4 
7 adenovirus antigens with the original 
technique of Hilleman and Werner.’ At 
least two separate determinations were 
available for each pair against the three 
antigen types and three or four separate 
had 


some of the serum pairs 
total 


been 
rhe 
395 
determinations compared to the original 
table 4 

These same paired serums hi 
with t 


neutralization tests run on 


results 


obtained with a of repeat 


are shown in 


ive now 


been tested pes 1 through 10 


10. Woolr dge R. 1 (srayston J I Whiteside, 
l.E G., Friedman, M. and Pierce 
W. I ill 


ess in Naval recruits with emphasis on the 


APC-RI J. Infect. Dis. 99: 


Loosli, ¢ 


1956, Studies on acute respiratory 


adenovirus 


182-188 


isolated from their upper re 


I through 10 in both acute and convalescent serums from 53 persons 


an acule respiratory infection and having an adeno 


piratory tract 


ilizing titer 


idenovirus antigens utilizing the tech 
Che acute 
all been 
run against the ten antigens once" and 
of 531 


performed. A comparison of the repeat 


nique described in this paper 
and convalescent serums have 
a total repeat tests have been 
result with the titer obtained when first 
tested is presented in table 5 

Inspection of tables 4 and 5 reveals 
that be 
neu 
the 
With 


one repeat 


considerably closer agreement 


tween the original and the repeat 


tralization test was obtained with 


technique described in this paper 


this technique (table 5) onh 


ton, J. T., Loosli, ¢ 
P. B., Smith, M. Ff 
1956, Neutralizing 


11. Gray 7 Johnston, 
and Woolridge, R. L 
to 


Dis. 99: 199 


antibody 


Infect 


response 
adenovirus infection. J 


206 
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test failed to agree with the original titer 
within fourfold. Since fourfold dilutions 
were employed this agreement is within 
On the 
hand, with the original technique of 
Hilleman and Werner’® (table 4) 28 of 
the repeat tests varied from the first 
8- 16-fold. The failures to 
repeat the original titer were not partic- 
the 


It is possible that even 


a one tube variation. other 


titer by or 


ularly associated with any one of 
three antigens 
more variation is hidden by the fact that 
the 1 
dilution employed with this technique. 
lable 4 the 28 failures to 
repeat within fourfold 
(28/110) of 
greater than fourfold variation was pos- 


I,+ addi- 


tion to the poorer repeatability with the 


‘8 serum dilution was the lowest 


shows that 


represent 25° y 


those repeats in which a 


sible (one titer of 32 or greater), 
original technique*® about one in five of 
6 


PABLi Comparison of neutralization titer 
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the runs had to be disearded because 
the virus controls did not show the prop- 
er amount of cytopathogenesis within 
the 2 


the test was to be read. In the studies on 


to 4 days after inoculation when 


repeatability described above only one 
tube per serum dilution was employed 
in the newer technique. Thus, additional 
time was saved compared to the two 
tubes per dilution necessary with the 
original technique.’ 

The average or most often repeated 
neutralizing antibody titers obtained 
with the two test procedures on the 53 
paired human serums are compared in 
(types 3, 4 


and 7) were run with both procedures, 


table 6. Since three antigens 


there was a total of 318 comparisons. As 
can be seen in table 6, 307 of the titers 
agreed within fourfold. There were nine 
8-fold and 


titers which varied by two 


obtained by two different test procedures against types 


4 and 7 adenovirus antigens on the same 53 paired serums from patients suffering upper 


respiratory infections from whom an adenovirus was isolated 


512 


* Technique 


A after Hillemar 


und Werner;? technique B described 


Titer with technique A 


32 o4 


n this paper 
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varied by 


16-told. A 


between the 


rise in titer of 


fourfold and 


acute con 
valescent serum igainst one ol the anti 
gens was found with one procedure but 
not the other, four times with the newer 
technique described in this paper and 
once with the original technique. 

he homotypic and heterotypic neu 


tralizing antibody 


response to ten 
adenovirus antigens found in these 53 
human serum samples is reported in a 


companion 


paper.'' In addition to the 


rabbit antiserum and the human serum 


results described above, the newer 


technique has been employ ed to deter 
mine adenovirus neutralizing antibodies 


in some 500 human serums from dif 


ferent sources Throughout this ex 


perience the technique has given rapid 
results. No test 


( rails 


and clear-cut 
had to be 


serums have 


run h is 


discarded, 


humat 
effects and 


onl once did this prevent determining 


three 
shown ‘‘toxic’’ 


cytopathogenesis it the 1:2 level 


DISCUSSION 


In an effort to simplify the neutraliza 
tion procedure with adenovirus a “‘line”’ 


of Hela cells that would grow in tube 


without human serum was sought so 


as to avoid the need for 


\ hen Oe 


laborator was 


washing the 


tubs S prior to use 


line carried 


in the found to grow 


vigorously in 10% horse serum me 


dium further 


simplihcation was at 
tempted by earlier addition of the 
serum and virus. It was found that not 
only was the procedure simplified but 
that 


more clear-cut and 


more easily 
repeatable results were obtained when 


the serum and 


added to 
Hela 


stem 1s 


Virus were 
tubes at the time as the 


cells. The HeLa cell indicator s) 


not onl 


same 


more easily quantitated under 

these conditions but appears to be mort 

priori to developme t of ce 
the g| Surtace \ Hel 


gorously in the 


absence of human serum is a prerequisite 
for the successful employment of the 
neutralization procedure described in 


\nother Hel a cell line car 


laboratory* 


this paper 


ried in this works poorh 


in the described test procedure due to 


irregular horse 


growth in the serum 
medium 

The 
the Hel 


these 


importance of quantitation ol 


i cell culture has been brought 


out uw studi One of the causes 


of the apparent variation in the amount 
of viral antigen needed to produce the 
desired amount of oe 


within 2 to 4 days in the 


topathogenesis 
originalls cle 
scribed neutralization techniques? ma 


have been different numbers of cell 


the tubs it the time they were used 


lhe ditheult problem of how long 
should be 


ize’’ the virus in a tissus 
! 


erum expected to “neutral 


culture tem 
ivol 
In the 


tion tes hnique - 


ed with the procedure described 

described 
brea} 
tralizing effect of antiserums occurs ver) 
with When 
Hela cells in sus 
appears to be a 


originallh neutraliza 


throug h the neu 


re idily idenovirus adeno 


virus is added to the 
pensior there rathet 
constant relationship between infected 
ind uninfected cells for it least +% 
the finding 
that readings of percentage cytop 

nesis made at 24 and 48 


| ube 


neutralization at 24 


hours. This is supported b 
itho 
hour r 
usual the sam 


role te 


showing Coll 


hour Ss never 


have shown <¢ topatho enesi if 1s 


hour 


That this neutralizatio procedure 


measures the same 


neutralizing antibodies found with the 


more conventional procedures is sup 


ported by the evidence 


pres« nted th if 


serum titers both rabbit 


intiserum 


humat crums 


were 


ind postir lection 


r with both technique 
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Further simplification of the neutrali 


zation test for adenovirus along the 


color neutralization 


procedure for poliomyelitis’? would be 


lines of the test 


desirable. Since acid is produced in the 


presence of excess adenovirus the same 
reaction used for poliomyelitis is not 
feasible. However, the fact that adeno- 
virus infected HeLa cell cultures pro- 
duce cul- 
tures may provide the basis for a color 


more acid than noninfected 


reaction neutralization test. The devel- 
opment of such a test is under study in 


this laboratory. 


12. Salk, J 
1954, | 


the indicator in titrating poliomyelitis virus 


E., Youngner, ]. S. and Ward, E. N 


ve of color change of phenol red as 


or its antibody in a tissue culture system, Am 


|.Hyg. 60: 214-230 


GRAYSTON, JOHNSTON, SMITH, AND LOOSLI 


SUMMARY 


A simplifed neutralization test for 


HeLa 


cells that will grow vigorously in me 


adenoviruses has been described 


dium containing horse serum serve as 
the indicator system and are 
the 
serum and virus 


added in 
same the 
The is read by 


microscopic observation at 1 or 2 days 


suspension at time as 


test 


During this time the viral antigen causes 
+ +++ cytopathogenesis while serum 
containing sufficient neutralizing anti 


body prevents and 


allows normal growth of the HeLa cells 


cy topathogenesis 


Evidence is presented to show that the 
test procedure gives consistent, repeat 
able results and that the titers obtained 
are similar to those found with the con 


ventional method 
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MATERIALS AND METHODS 


Fifty of the paired serums came from Naval 
United States Naval 
Illinois, who were involved 
respiratory © The 


paired serums came from male 


recruits, at the lraining 
Cente r, (jreat Lakes, 
in a study of acute illnesses 
remaining three 
patients of the University of Chicago Clinics 
The paired serums were usually 3 weeks apart 
but varied from 2 to 4 


0 ¢ 


weeks. All serums wer« 


tored at An adenovirus was isolated 
and typed from each person whose paired serum 
The of the 
i throat washing. All 
More 


detail on the methods employed in study of thes 


ire luded in these stuclic 5 source 


virus was either a nasal or 


iruses wert isolate d in He La cell { ulture ‘ 
patients is presented in a companion paper.!® 


rhe prototype adenoviruses, types 1 through 


10, employed as antigens in this study were ob 
Maurice R. Hilleman 
Robert J. Huebner (remaining types 
[he antigens wer in HeLa cell culture 


medium with 5% horse serum 


tained from Dr 
and Dr 


(type 4 


grow! 
‘ mploy iy Eagle 


8 maintenance medium. Type specific anti 


erums were prepared by inoculating intraven 


ously rabbits with 10 ml of a given type of adeno 
virus followed by the intraperitoneal inoculation 
of 10 ml of the Thi The 


ifter the first in 


intigen 1 week later 


rabbits were then bled 1 month 
jection 


In the 


ployed in this study, the 


ew simplified neutralization test"! em 
serum, virus and HeLa 
cells are added to culture tubes at the same time 
14 to 48 hours. In this 


adenovirus antigen cause 


ind the test is read within 


hort period of time 
t ufficient 
and 


take 


pical cytopathogenesis while anti 


body prevents « topathogene " illows nor 


HeLa cell to 


complement IXIfig 


mal growth of 


place The 


intiger wed was t pn } 


idenovirus. It was prepared in the same manner 


is the neutralizing antigen and then inactivated 
it 56 C tor 1 hour.’® The technique of the compl 
ment fixation test was the 


2 In the 


same as previously cde 


cribed complement fixation and neu- 
10. Woolridge, R. L 
}. E., Loosli, C. G 
Pierce, W. 


tory illne 


, (orayston, ] l , Whiteside, 
Friedman, M 


1956, Studies on acute re spira 


and 


ss in Naval recruits with emphasis 


on the adenoviruses (APC-RI). J. Infect 
Dis. 99: 182-187 
Grayston, J. 7 
E. and Loosli, ¢ 


for the 


Johnston, P. B., Smith, M 
G. 1956, An improved tech 
neutralization test with adeno- 
Infect. Dis. 


nique 
viruses in HeLa cell cultures. J 
99: 188-198 

12. Woolridge, R. L., DeMeio, J. L., Whiteside, 
J. E. and Seal, J. R. 1955. Epidemic in 
fluenze B and C in Navy recruits 1953-54. I. 


AND WOOLRIDGI 


[apie |.—Neutralizing antibody response to 
the isolated adenovirus prototype and comple 
ment fixation antibody response to adenovirus 
antigen in the convalescent serum of 53 per 
sons suffering acute respiratory illness and 


having an adenovirus isolated from their 


upper respiratory tract 


Number of cx 


the toi 


Number 
if 

-rsot 

person 4 16 


Veulralizing antibe 


tralization tests an antibody rise of fourfold or 
ilescent 


Serum 


were tested from 1:2 to 1:512 in the 


greater between the acute and cony 
serums was interpreted to be significant 
dilutions 
'512 in the 
The antibod 
ported are reciprocals of the origi 


tio he 


ind the ne 


neutralization test and from 1:4 to 1 
complement fixation test titers re 
ial serum dilu 
produc tion of antigen and antiserums 
itralization test procedure employed 
ire described in greater ce tail im the precedit t 
paper 


RESULTS 
All of the 53 individuals whose serums 
had an acute 


the 


were used in this study 


febrile respiratory illness at time 
acute serums and washings of the upper 
taken. 
types ol adenovirus were isolated from 


The 


25 type 4, 


respiratory tract were lhree 
viruses included 5 


and 23 type 7. All 


significant comple- 


these samples. 
type 3, 
paired serums had 
ment fixing antibody titer rises. All but 
type 4 


one with type 7) had a significant neu 


two individuals (one with and 
tralizing antibody titer rise in the con- 
valescent serums to the prototype of the 
virus isolated. The range of neutralizing 


antibody titer in the convalescent se 
rums to the prototype virus is shown in 


table 1. 


It can be seen in this table that 


Antigenic studies on influenza Type B. Proc 


Soc. Exper. Biol. & Med. 85: 430-435. 





ANTIBODY RESPONSE Ti 
of the 53 convalescent serums, 43 had 


titers of 32 to 512, while 10 had titers of 
8 and 16 


ing antibody 


Chere was low titer neutraliz 


in 5 of the acute serums 
against the prototype virus isolated. The 
two pairs failing to show rises both had 


at 4 


acute 


acute neutralizing antibody (| and 
16 


bod, 


three with anti 
4 and 8) had than 
Also in table 1 the comple 


The other 

it 2, greater 
fourfold rises 
ment fixing antibody titer in the 53 con 
valescent serums is shown. Three show a 
titer of 16 with the rest distributed from 
32 to 512 ol had 
complement fixing antibody in the acute 
from 4 (the 


to 32. Complement fix 


Fourteen the pairs 


serum ranging lowest 
dilution tested 
demonstrated 


had 


1S) 


antibodies 
the 


Ing were not 


in any of 5 acute serums that 


the 


neutralizing antibody against 
lated adenovirus t pe 
Rabbit type 


idenovirus t\ 


specific antiserums 


through 10 
the 


against 


pes 1 


were tested for cross re 


These 
It « 


intibody 


ictions in 
test 
table 2. 


neutralizing 


data 
be 


titers 


neutralization are 
presented in 
that 


from 64 to 512 against the homologous 


if 


seen 


were 


oct asional low 


other 


antigen. There were onh 


titered reactions against the nine 


intigens except with antiserums pre 


pared against adenovirus prototype 9 


rabbit immunized with 
29 


Serum from the 


type 9 showed a titer of with antigen 


; 


neulralizing antibod 


nst adenoviru 


n immunizatior 


type 8 antigen 
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tvpe 8 compared to a homotypic re 


sponse ol 64.¢ Antiserums prepared with 
prototyy 8 failed to react with t pe 9 


virus antigen. Otherwise, only a few 


titers ol ind 4 were found with a cross 


reaction between t' ind 7 at the 


pes 3 
titer of 4 being the only reciprocal rela 
tion, 


In addition to the neutralizing anti 


body rises in the human paired serums 


against the virus t recovered some 


the 
ible 3 


presents the results obtained with neu 


pe 


rises ilso observed against 


were 


other ten antigens employed | 


tralization andcon ple ment fixation tests 
This detailed 
Is pre sented to enable 


the 


on the 
tabl 


53 paired serums 
the readet 
to 


scc 


ictual titers obtained, thei 
interrelations. ( 


ble 


ol suc h heterot. pu 


inge and ursor’ 


the 


spection ol this t hows ire 


both 
ol 


quency’ rises 


absence 

I he 
neutralizing 
10 
contrast to the Irequent high titer anti 
pes. [he 


pre sented are 


in the presence ind in the 


antibody in the acute serum gen 


titer 
3 8, 


eral absence or low 


intibody with type 9 and is II 


body observed with the other t 


be 


subsequent tables te 


calculated from these data and 


specif paired serums will be referred 


to by patient number in the following 


dis USSIOTI 


The heterot pic rises OCCUITINig with 





202 


LABLE 3 


Neutralizing and complement fixing antibody titers with adenovirus antigens 


(GRAYSTON, LOOSLI, JOHNSTON, SMITH, AND WOOLRIDGI 


in patred 


serums from 53 persons suffering acute respiratory illness and having an 


Adeno 
Patient virus 
no type 
isolate d 


Comple 
ment 
fixation 
titer 2 


2003 ; 04 32/32 
2006 5 64 0/0 

2016 ; 16 32/128 
2248 ; 128 16/32 
Wi ; 32 


2312 
2330 
2344 
2353 
2404 
2405 
24068 
2410 
1412 
2426 
2427 
2428 
2444 
2445 
2455 
1458 
2459 
2404 
2465 
2466 
2467 
2464 
2478 
W277 
Si018 


256 
of 
64 
o4 
256 
/128 
128 
$2 
128 


eee eee ee ee SOSH SESS HSH SHH SESS 


2185 
2187 

2196 
2223 
2224 
2254 
2258 
2264 
2266 
2270 
2280 
2245 
2291 
200 
2308 
2409 
2311 
2414 
2315 
2316 
2518 
2324 
2373 


antigens other than the adenovirus type 
isolated are summarized by antigen type 
and by isolated virus type in table 4 
It can be seen that the total number of 
heterotypic rises in serum pairs from 
patients yielding types 4 and 7 virus 
(23 22%). 


Only 9% heterotypic rises were found 


were nearly identical and 


in the few type 3 infections. Hetero 


ty pit rises occurred with each of the ten 
13% of the 
patients irrespective of virus type 1so 
lated. Such 


antigen types in at least 


rises were seen most tre 


Neutralizat ix 


adenovirus isolated from their upper respiratory tract 


1 titer of acute over convalesce 


Adenovirus type 
5 


0/0 0 


0/2 32 
0/0 4 
0/16 32 
0/0 128 


0/512 16 


soon 


2nwenwenere 


2 On enec 
SPOS Onw~weoee Bw eenwnw Fw 


 N 
2s 


quently with 3 and 4 as 


(44 399, 
eight percent of the serum pairs had 


types intigen 


and respectivel) Twenty 
rises with type 6 virus and 19% with 
type 2. Heterotypic rises against these 
two types were associated mostly with 
Nineteen 


cent of the serum pairs showed rises 


type 4 virus isolations per 


against type 8, mostly in persons in 
fected with type 7 virus 

rhe distribution of neutralizing anti- 
body in the acute serums of the 53 pa 
table 5. At 


tients 1s summarized i the 
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TABLE 4 


am Pp é 


adenovirus isolated from their upper 


fourfold 


to ade 


levei of 1:2 serum dilution, antibody 


was present against types 1, 2, 3, 5 and 
6 in from 45 to 74% of the men. Con 
icute serum antibody was 
types 4 (18 
though the persons infected 


No acute 
type 


sider ably le Ss 


found against and 7 and 
20° , even 
with these types are excluded 
serum showed antibodies against 
9, while 6 (11% 


QY, showed ft pe sw 


showed type 10 and § 
High 


and 


ntibodies 
(16 


were 


titer neutralizing antibodies 


above in the icute serums asso 


with adeno 
| he, 


found at all in these patients with anti 
8, 9 and 10 


ciated almost exclusivel 


virus types 1, 2, 3 and § were not 


gen types 4, Complement 


fixing antibodies were found in one 


quarter of the acute serum samples 


They 


persons 


tended to be more frequent in 


from whom type 7 virus was 


isolated. No type of acute neutralizing 


antibodie was asso 


predominantly 


ciated with any of the three infecting 


adenovirus types although serums of 


TABLE The numbe f serum 


adenowrus antigens in the ac 


illness and having an adenovirus 1 
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or great 


with complement fixin 


ule serum sam 
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Heterotypic neutralising antibody rises for adenovirus types 1 through 10 in paired serum 


from 53 persons suffering acute respiratory illness and having an 


resptratory tract 


neutralizing antibody rise 


rus type 


persons from whom type 7 was isolated 


did have more Irequent acute antibody 


to most of the antigens. 
Lhe 


observed in 


frequency of heterotypic rises 


each serum pair varied 


widely. These number 
table 6 
serums examined 14 pairs had no hetero 
the other 39 had a 


least 1 of the 9 


are presented in 


It can be seen that of the 53 


typic rise while 


heterotypu rise to at 


intigens. Thirteen had a_ heterotypic 


TABLE 6 Number of heterotypic neutralising an 


tibody responses against adenovirus types 1 


through 10 in paired erums from 53 pa 


tients suffering acute respiratory ilness 


and having an adenovirus isolated from 


their upper respiratory tract 


Number of 
dicated 


sgainet the 


ind neutralizing l 


antibodies agains 
from 53 persons suffering acute re 


tract 


ptral 


ted from their upper re sprirator 
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rise to 1 antigen, 11 to 2 antigens, 5 to 
3 antigens and 2 or 3 of the serum pairs 
had 4, 5, 6 and 7 heterotypic rises. The 
reactions of the four pairs showing 6 and 
7 heterotypic rises are shown in table 3 
under the patient numbers 2455, 2459, 
2223, and 2318. 


As also can be 


seen in table 3 the 


height of the titer of the heterotypi 


responses varied for the different types 
Some of this variation depended on the 
presence of acute neutralizing antibody 
Antibody titers to types 8, 9 and 10 
in the convalescent only 
2316). On the 


neutralizing 


secrums once 
exceeded & (patient no 


hand, 


titers ol 


other heterotypi 


128 were seen in the absence 
of acute antibody with types 3, 4 and 7 
as antigen Heterot, pic responses ol 
not seen with 
the 
Almost all of 


with 


greater titer than 32 were 
we 
absence of acute antibody 
the 
antigen types 1, 2, 5, 8, 9 and 10 were 
4- or 8-fold rises. With types 3, 4 and 7, 
16-fold or greater neutralizing antibod, 


types 5 and 6 as antigen in 


heterotypi responses seen 


rises occurred in about one-half of those 
showing heterotypic rises 

In 8 of the 51 serum pairs showing a 
homotypic rise there was a heterotypi 
neutralizing titer rise as great (table 3, 
$1018, 2300, 2309, 2318) or 
2445, 2254, 2311, 


2314) than the homotypi rise. Six of 


patient no 
greater (patient no 


these eight pairs were from persons who 
had 


their 


from 
In addition, the 
serum pair failing to show a homotypi 


type 7 adenovirus isolated 


nasal washings 


neutralizing titer rise against type 7 


(patient no 2291) did show a rise from 
0 to 32 against type 4 antigen and from 
8 to 32 with type 1 


serum high titer neutralizing antibody 


In addition acute 


number 2291 
5 and 6. The 
a homotypic rise 


2464) had 


was present in patient 


against antigen types 2, 3, 
pair failing to show 
type } 


against patient no 
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the 
serum against all types except 8 and 9 
yet failed 


against any type. However, a significant 


neutralizing antibodies in acute 


to show a neutralizing rise 
complement fixation antibody titer rise 
was demonstrated with this pair. In 
spite of the acute neutralizing antibodies 
high titer) this 
patient (no. 2464) to 8 of the 10 adeno 
virus 


(some of present in 


antigens no complement fixing 
the 
serum. This is a good example of the 


antibodies were found in acute 
general lack of correlation which can be 
seen in table 3, between the presence of 
complement fixing antibodies and high 
titer or frequent neutralizing antibodies 
in the acute serums 

The relationship between the presence 
of neutralizing antibody measurable at 
1:2 dilution in the acute serum specimen 
ind the occurrence of a heterotypic rise 
Chis table shows 
that of the total of 477 determinations 


for heterotypic rises, 103 were observed 


is examined in table 7 


Forty-two heteroty pic rises oce urred in 
the 
level of 1:2 or greater while 61 occurred 
Since 


times 


the presence of acute antibody at 


in the absence of acute antibody. 


acute antibody was present 178 


the percentage ol heterotypi rises in 


its presence was 24 compared to 20% 


TABLE 7 The relation of neutralising antibody ir 


the acule serum and the occurrence 
heterotypic rises against aden 

! through 10 in paired serums fi 

persons with acute respirator 


and adenovirus isolated 


Acute 
Ader neutraliz 


antibwrty 
virus 


type 
isolated 
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ibse ce 


Cable 7 


differences in the 


ilso show be 


that there were no 


association of antibody with 


acute 
heterotypic rises by adenovirus type 


isolated 


DISCUSSION 


Che 


association 


isolation of an adenovirus in 


with a complement fixing 


antibody rise suggests that the 53 pa 
tients studied suffered an infection with 
the isolated That 


tion had occurred in 51 of these persons 


virus such an infec 


was confirmed by significant, neutraliz 
ing antibody rises against the prototype 
lhe find a 


antibody the 


virus isolated. failure to 


ieutralizing rise against 


type isolated in two persons 


the 


antibody in 


remains 
unexplained although presence of 


neutralizing their acute 


serum § imples against the isolated t' pe 


involved. Five of the 53 in 


had 


against 


ma’ be 
dividuals 
bod. 


three 


some neutralizing anti 
with 
fourfold 


serums 


the isolated type 


showing more than a 


titer rise in the 


On the 


convalescent 
the data 
that 


available it 
the 
failed 


since it 1s 


basis of 


cannot be assumed low titer 
neutr ilizing antibod, 


antibod) 


to protect 
igainst 


that 


not certain 


the was present at the 


time of onset of infection. It is possible 


that these antibodies may have been 


produced by the current infection 


Although it must be emphasized that 


the se 53 persons represent a special 


group infected with adenovirus, in gen 
eral, 


the pattern otf acute antibody to 


types 1 through 6 found in these young 


adult males was similar to that reported 
by Huebner and associates." The rela 
13. Huebner, R. J., Rowe, W. P., Ward, T. G 

Parrott, R. H. and Bell, J. A. 1954, Adeno 
pharyngeal-conjunctival agents. A newly 
recognized group of common viruses of the 
respiratory system. New Eng. J. Med. 251: 
1077-1086 
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tively large number of acute serums with 


neutralizing antibod, igainst adeno 


2m g ind 6 
that 


virus types may be 


considered a reason only a few 


infections were caused by any of these 


types.'® The relatively few acute serums 
with type 4 and 7 antibodies is consist- 
ent with the frequent infections with 
types 4 and 7 in these persons Although 
the patients in this study would appeas 


to be suse eptible on the basis of absence 


of acute antibody to adenovirus types 


8, 9 and 10, these 


parently not present in the populations 


agents were ap 


studied as they have not been isolated.'? 

The more rapid fall after infection in 
idenovirus complement fixing antibody 
than neutralizing antibody 


titers titer 


associates 


reported by Cockburn and 
may offer an explanation for the lack of 
the 
neutralizing antibodies and complement 


the 


correlation between presence of 


fixing antibodies in icute serum 
samples 

Che finding of heterotypic neutraliz 
ing antibody responses as great or 
greater than the homotypt response 
occurred frequently enough to make it 
tell the in 


lecting type on the basis of the neutrali 


impracts il to attempt to 


zation test alone. In the data presented, 
these higher heterotypic responses were 
more frequently associated with type 7 
Hilleman et al’ 
persons infected with type 7 adenovirus 


had a 


neutralizing antibody 


infection. found some 


who also higher heterotypi 


res} jOnse 


The cause of the relatively frequent 


heterotypic neutralizing responses ob 


served in these studies is not apparent 
to us viral 


Admixture of antigens is 


ruled out by the failure to find impor 


Fa Pees 


1956, 


Rowe, W. P 
Relationship of the 


Hueb 
1951 


Colorado, outbreak of conjuncti 


and 


Greeley, 
vitis and pharyngitis to Type 3 APC viru 
infection. Am. J. Hyg. 63: 250-260 
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tant cross reactions in the rabbit anti- 


serums. No evidence has ever been 


found of infection with more than one 
adenovirus at the same time. Previous 
infection with other adenovirus types 
giving 


rises would seem 


a predisposition to heterotypi 
a likely explanation. 
However, no evidence that such a recall 
could be 


phenomenon role 


the 


played a 


found in data rises 


Heteroty pir 


were not seen significantly more fre 


quently when neutralizing antibody was 


the 1 
than 


present at least at '2 dilution in 


the when no 


acute serum antt 
bodies were found. This is further borne 
out by the fact that the two antigens 
associated with the greatest frequency 
of heterotypic responses had in one case 
(type 3) frequent acute antibodies and 
in the other (type 4) infrequent. In the 
4 it that 


tralizing antibody which was unmeas- 


case of type is unlikely neu 
urable by the method employed was 
present since the population group in- 
volved was highly susceptible to infec 
tion with this type 
Although heterotypic responses with 
antigen types 2 and 6 were associated 
with infection with adenovirus type 4, 
while heterotypi neutralizing response 
to type 8 was most frequent in type 7 
infection, no assurity that this repre 
sents a pattern of cross reaction can be 
taken from the numbers involved. Fur- 
ther experience with neutralizing anti- 
bod, 


respotse in persons intec ted with 


adenovirus may clarify the nature of 
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these cross reactions and provide an 
explanation for the frequent heterotypic 


rises. 


SUMMARY 


Che 


fixing antibody response to adenovirus 


neutralizing and complement 


antigens is reported for 53 patients sul 


fering acute respiratory ilinesses and 


having an adenovirus, either type 3, 4 


or 7, isolated from their upper respira 


tory tracts. A complement fixing anti 


body titer fourfold or 
the 


serum samples was demonstrated for 


rise ol greater 


between acute and convalescent 


each of the patients, Fifty-one of the 
patients had fourfold rises in neutraliz- 
ing antibody against the isolated virus 
prototype. The two patients failing to 
show a rise in neutralizing antibodies 
had present in their acute serum samples 
neutralizing antibody against the virus 
type isolated. In addition to neutralizing 
antibody 


rises against the homotypi 


virus antigen, tests with adenovirus 


types 1 through 10 showed heterotypi 
rises with each antigen type in from 13 
to 44% of the serum pairs. Neutralizing 
intibodies found in the 


were acute 


serum samples frequently with antigen 
types 1, 2, 3, 5 and 6, infrequently with 
8, and 10, and not 


No relationship between the 


‘, 


types 4, it all with 
ype ) 
presence of antibody in the acute serum 
the 


neutralization 


and occurrence of a_ heterotypi 


antibody rise could be 


demonstrated 
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